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ABSTRACT 


Morphological, micromorphological and analytical features of deep 
plowed Solonetzic and related soils were evaluated at several locations in 
east-central Alberta. Emphasis was placed on tilth related features of 
Ap horizons. 

The majority of soils examined were classified in the Solonetz 
order. Where relief was hummocky, however, a substantial portion of 
the soils observed were Chernozemic. In most instances the Ap horizon 
of the normally tilled soils was granular in structure and fell into the 
mullgranic/mullgranoidic fabric sequence. At one™ location the “Ap 
horizon was mullgranoidic iunctic in composition. Eluvial horizons, where 
present, exhibited banded fabrics. Transitional AB horizons exhibited 
blocky structures and, micromorphologically, were porphyroskelic with 
insepic plasma separations. Humified organic matter was frequently 
observed in the AB horizons and may be a relic of previous Na-humate 
translocation or may reflect current humification of this zone. B 
horizons were typically porphyroskelic with a variety of observed 
plasma fabrics: mosepic, masepic or skelsepic plasma separations, or a 
combination of the three were predominant within the s-matrix. A 
tendency towards higher plasma concentrations with depth suggests 
solodization is occurring in the upper B_ horizons. The blocky 
mesostructure of the B horizons was reflected in the observation of 
craze, skew and joint planes separating adjacent units. 

Deep plowing resulted in redistribution of genetic materials and 
ereateduaae juniquesrsoll Sfabriceyiny athe VAp= horizon: Mullgranic// 


mullgranoidic material was mixed with porphyroskelic material to produce 
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mixed complex mullgranoidic//porphyroskelic fabrics to minimum depths 
of 75 mm. At greater depths intact zones of the two modal fabrics were 
observed. 

The new fabric in the Ap horizons of the deep plowed soils has 
many characteristics. distinctly different from the soil fabric present in 
the normally tilled soils. Inclusion of the porphyroskelic B horizon 


a and Na’, 


material was reflected in higher values of Gay: Mg 
particularly in the Solonetzic soils examined. Exchange acidity and soil 
reaction were appreciably altered by deep plowing. Total C and total N 
were significantly lower in the deep plowed Ap horizons. The deep 
plowed Ap horizons had hiogher total clay and fine clay contents with 
the increase in both these constituents primarily reflecting an increase 
in the smectite component of the phyllosilicates. 

Tilth related properties were altered by deep plowing. Modulus of 
rupture was significantly higher in the deep plowed Ap horizons at 
sites dominated by Solonetzic_ soils. Mean weight diameter and 
aggregate stability generally decreased upon deep plowing. The plastic 
limit was significantly lower on the deep plowed soils which resulted in 
an increased plasticity index. 

Response of various crops to deep plowing was evaluated on the 
various geomorphic soil sequences observed. Response of wheat, oats 
and barley was generally positive at all locations, however, the degree 
of response was greater where Solonetzic soils dominated the landscape. 
A higher soil reaction and reduced exchange acidity is implicated in 
crop response phenomenon; other chemical criteria were generally 
inadequate in explaining crop response. Changes in the soil-water-plant 
regime are implicated in contributing to crop response, however, this 
area requires further research under Alberta dryland conditions. 
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1. INTRODUCTION 


Deep plowing evolved as a means for improving the productivity of 
Solonetzic soils during the 1950's in the USSR (Botov, 1959) and 
shortly thereafter the practice was transferred to North America 
(Cairns, 1962: Pair and Lewis, 1960). Since the mid-1970's deep 
plowing has been widely used in parts of Alberta, primarily on a test 
basis, to evaluate its feasibility for widespread use (Hermans, 1981). 

Many studies have been conducted on deep plowed Solonetzic soils 
in North America, most of which revolve around elucidating mechanisms 
or factors contributing to crop response. Improved soil-water-plant 
relationships are implicated in crop response phenomenon (Cary et al., 
1967; Eck and Taylor, 1969; Mech et al., 1967; Rasmussen et.al... 1972) 
as are changes in soil chemical constituents (Cairns, 1972a, 1972b: 
Harker et al., 1977; Lavado and Cairns, 1980). Criteria used thus far, 
however, appear to have met with limited success in predicting crop 
response. 

In Europe several criteria are used to evaluate the ameliorative 
potential and methods of ameliorating Solonetzic soils. Criteria are 
primarily morphometric and analytical in nature, but in all instances 
they reflect the soil classification system under use (Obrejanu and 
Sandu, 1971; Pak, 1971: Szabolcs, 1967, 1971). In essence they 
observe the evolutionary stage (and thus classification) of a soil, 
evaluate it in terms of their Knowledge of the evolutionary sequence, 
and make recommendations on this basis. 

A portion of this study is devoted to an analysis of the geomorphic 


soil sequence present, as evaluated by morphological, micromorphological 
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and chemical techniques. The Orn of these properties, namely the 
classification of the soil(s), is believed to be related to crop response 
upon deep plowing. Thus, a portion of this study is also devoted to 
an analysis of crop response to deep plowing, as related to the 
geomorphic soil sequence present. 

Studies conducted thus far on deep plowed Solonetzic soils indicate 
relatively pronounced changes may occur within the Ap_ horizons. 
Frequently, an undesirable physical condition (poor tilth) is 
encountered (Bowser and Cairns, 1967; Cairns, 1976a; Lavado and 
Cairns, 1950): conditions which are potentially deleterious to crop 
growth. Several authors (Cairns, 1976a; Mech etyal. 1907) point out 
the importance of developing management practices designed to cope 
with, or improve, the resultant physical condition in the seedbed of 
deep plowed soils. A portion of this study is further devoted to 
characterization of physical properties of deep plowed Ap horizons, as 
they reflect soil tilth. Although tilth is expressed in terms of physical 
conditions, chemical and mineralogical characteristics may also influence 
the tilth of a soil. Thus, chemical and mineralogical characteristics and 


their relationship to physical conditions are also evaluated. 
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2. AN OVERVIEW OF SOLONETZIC SOILS 


2.1 Genesis of Solonetzic Soils 

Classical theories on the genesis of Solonetzic soils were advanced 
by Gedroits (1912, as cited by Pawluk, 1982) and de Siamond (1938) 
and since have been refined by many researchers. Three classical 
processes have been identified; namely salinization, solonization and 
solodization. Although not necessarily exclusive of one another, these 
processes form a convenient basis for explaining Solonetz forming 
processes (Pawluk, 1982). Figure 1 is a schematic representation of 


profiles and processes in the Solonetz evolutionary sequence. 


2.1.1  Salinization 

Solonetzic soils are believed to have developed from parent material 
which became salinized through the influence of shallow groundwater. 
Salinization likely occurred during the recession of the last Wisconsin 
glaciation, as excess meltwater gave rise to _ fairly extensive 
groundwater flow systems (Pawluk, 1978). Within most Solonetzic 
areas, groundwater flow is through sedimentary deposits of marine or 
brackish origin which are generally overlain by thin morainal deposits 
(Odynsky, 1945). Providing the flow systems are fairly extensive and 
deep (intermediate or regional flow systems, as defined by Toth, 1963) 
large quantities of salt are dissolved and transported along the flow 
path. Groundwater composition is variable, however, in extensive flow 
systems Na’ and SO; tend to predominate in discharge areas 
(Cheboratev, 1955; Le Breton and Jones, 1963; Pawluk, 1978). 


Groundwater response to anistropy and/or hydraulic pressure 
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within the flow media results in discharge of saline groundwater at or 
near the soil surface. Continued hydraulic discharge or upward 
capillary movement driven by evaporation results in concentration of 


salts at the ground surface. 


2he2tssolonization 

Pawluk (1982) lists three prerequisites for Solonetzic soils to form 
from an initially salinized parent material: 

(1) The accumulated soluble salts must contain an appreciable 

amount of Na’. 

(2) Expansible clay minerals must be present in sufficient 

quantities. 

(3) Desalinization must occur gradually. 

De Siamond (1938) first postulated that exchangeable Na’ levels 
MmuUStee wl? sOmlsagor mogemor (hestotal «exchangeable ications sfor sthe 
formation of Solonetzic soils. Levels of exchangeable Na’ as low as 72 
(DahIman, 1965) and 5 to 8% (Szabolcs, 1965) may affect the colloidal 
activity of clays. Exchangeable Meee has been observed in high levels 
in Solonetzic soils with otherwise uniformly low exchangeable Na 
(Bentley and Rost, 1947; Ehrlich and Smith, 1958; Ellis and Caldwell, 
1935: Kelley, 1934; Kellogg, 1934; Mitchell and Riechen, 1937; Reeder 
and Odynsky, 1964; and others), however, the exact role of eee is at 
present controversial. Regardless of which cations are involved, they 
must adversely affect the stability of the clay-water svstem. 

The effect which various cations have on the clay-water system is 
largely dependent upon the suite of clay minerals present. Expansible 


phyllosilicates are particularly susceptible to swelling and dispersion 
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under the influence of Na’. At low electrolyte concentrations and low 
to moderate ESP levels (10 to 30%) montmorillonite and vermiculite are 
particularly susceptible to dispersion and movement relative to kaolinite 
GPremkel Petmealion §el7ec Smectite minerals are commonly high and 
frequently the dominant phyllosilicates in parent materials and/or 
Solonetzic soils in Alberta (Arshad and Pawluk, 1966b; Brunelle etoala, 
1976; Dudas and Pawluk, 1982; Pawluk and Bayrock, 1969), in the 
northwestern United States (Sandoval and Reichman, 1971) and in the 
USSR, (lravnikevan 1976). Although expansible  phyllosilicates 
sufficiently high in exchangeable Na’ may be present, dispersion and 
particle migration is minimal in the presence of soil solution high in 
electrolyte (Frenkel fetaliraio76;. McNealivett alii. 1966; Rowell, 1963; 
Rowell etgaley 1969); hence, the requirement for desalinization. 

Desalinization is thought to have occurred as a result of two 
concurrent processes, namely, improved drainage through the 
development of integrated sinks and a_ shift towards a more humid 
climate (Pawluk, 1982). The former reduces the deqree of influence of 
saline groundwaters while the latter reduces upward capillary salt flux 
and promotes leaching. 

With these three prerequisites met the stage for solonization is set. 
As downward leaching continues the electrolyte concentration becomes 
sufficiently low to promote clay dispersion and _ translocation. The 
critical electrolyte level where clay disperses is highly dependent upon 
both the mineralogical composition and exchangeable cation suite. 
De Sigmond (1938) reports total salt levels from 0.10 to 0.15% will result 
iispension imme Shals sinathe wrancge Of gil 2mtomoc-en sowellgeteal (1963) 


report electrolyte concentrations from om to jo moles/L for ESP's 
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ranging from 70 to 50%, respectively, will result in suspension 
dispersion of montmorillonitic soils. 

Concurrent with dispersion is alkaline hydrolysis, according to the 
following reaction (Barshad, 1960): 

Na-clay + HOH == H-clay + NaOH 

NaOH + COZ == Na* + HCO,” 
Under the resultant alkaline environment dissolved and peptized organic 
matter is leached along with clays to form a dark stained, columnar B 
horizon, 

Maintenance of relatively high Na’ concentrations in the soil 
solution and on the exchange complex will continue to promote 
dispersion and eluviation/illuviation. Sodium, however, is preferentially 
leached relative to other common cations such that some mechanism must 
be present to reintroduce Na’ and maintain a dispersed soil system. 
Gradual desalinization is believed responsible for repeated Na’ recharge 
into the upper solum. Assuming continuity is maintained between the 
water table and the soil surface, Na’ will accumulate during dry periods 
of high matric potential at the soil surface (due to evapotranspiration or 
freezing), while Na’ and clays will be leached during periods of high 
precipitation (Szabolcs, 1971; Landsburg, 1981). Under such conditions 


strong eluvial/illuvial features may develop. 


221.38 Soledization 

Solodization, or the breakdown of the B horizon, is thought to 
occur as a consequence of diminishing groundwater influence within the 
soil solum. This may result from a continued drop in the water table 


and/or textural differences between Ae and Bnt horizons which reduce 
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the potential for capillary rise of saline groundwaters (de Sigmond, 
1938) eandspurg, e193 ls eSzabolcs, 61.971). In either case disconnection 
of groundwater from the upper solum reduces the amount of Na” 
recharged thereby increasing net leaching of Na’. 

After Na’ removal becomes significant alkaline hydrolysis decreases 
in intensity and alkaline products are leached. A mildly acidic chemical 
regime develops (de Sigmond, 1938) which is more favourable to 
vegetative growth. Increased vegetative growth intensifies Gah cycling 
from lower in the solum to the soil surface (calcification, Pawluk and 
Dumanski, 1969). This further enhances Na removal. Humification of 
the surface horizon(s) is concurrent with increased vegetative growth 
(Pawluk and Dumanski, 1969). 

Calcification and humification gradually result in (Bowser, 1961; 
Pawluk and Dumanski, 1969; de Sigmond, 1938): 

(1) Breakdown of the columnar structure and development of a 

blocky mesostructure., 

(2) Humification of eluvial horizons, if present. 

(3) Gradual thickening of the A horizon at the expense of the B 

horizon. 

(4) Development of a transitional AB horizon in place of the top 

of the weathered Bnt horizon. 
The degree of expression of any of the above features will depend upon 
the amount of solodization that has taken place; that is, consideration 
for the length of time as well as the overall intensity. The soil thus 
evolves through the Solodized Solonetz+Solod-Solonetzic Chernozem 
sequence as groundwater influence decreases, desalinization continues 


and calcification and humification increase in intensity. 
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2.2 Properties of Solonetzic Soils 

There are a number of stages which may be observed within the 
evolutionary sequence of Solonetzic soils, with each stage expected to 
reflect somewhat different properties. This, combined with a variety of 
parent materials from which Solonetz soils form results in a diverse 
array of morphological, physical, chemical and physicochemical 
properties. Only a brief account of properties is given here. More 
detailed accounts of various features are outlined in subsequent 


chapters. 


2.2.1 Morphological Features 

A unifying feature common to all Solonetzic soils is the Solonetz B 
horizon. This horizon generally has a columnar or prismatic structure 
and may have a blocky mesostructure. When dry it is hard to 
extremely hard and when wet it is plastic and sticky (Can. Soil Surv. 
Comme, 81978): Ped surfaces are frequently stained with illuvial 
Na-humates. Rooting patterns tend to be exped unless the soil is in an 
advanced stage of solodization (Bowser, 1961). 

Morphological features of the A horizon are diverse. Thickness is 
highly variable and to a large extent is governed by groundwater 
conditions and relief. Shallow groundwater tables and steep slopes 
result in thin A horizons by limiting the depth of pedogenic processes 
and by soil removal through erosion, respectively. Mull Ah horizons 
with granular structure and soft or friable consistence are present in 
parkland and grassland ecosystems except on severely eroded soils. 
Platy Ae horizons with soft consistence are frequently encountered. 


Horizon boundaries between Ae and Bnt horizons are commonly abrupt. 


wv 


— 
oy naive Ge 


- _ 
A» gn. day aayve tq yee!) 


: Aee > g , vw 
“a wae an | at] 04 7 mleer 7 » Ohites > ale ee , = : 
tw re 
> ; é e4 t TL = iv gary yy 6s =P 
yrs . 7 
. - mS 
: n - 
: : . _ 
7 ; j j } 7) nl wi aoe wi i a= tes 
Se q : 
; 7 ee V¢ t 
j ¢ i ; i ir qi aren) if al an 
_ 
i : ; <= ' 
é “es secy ‘WO Si tall as eee | 
» jnteatep 
aj : 
-aetentts 
amy ‘tat 
~ 
’ ! : ejéte' i ’ 
i 
" winf =f awe 5 
7 j , 
oe) U fa pr 
| r°6 ais AS 
1) ® % =i? *" ‘ ; 
sopyy 
- 
of  apped eit yy oe ee , 
ev re vs = yr ® PT) eae! o@ 
wamyets aL CARN ~ 
+ q | | _ 
 ermpeomanr ii i ma * Gu te S 7 ei 7 
— . 
_ (4) yale que 
7 
- 7 7 : 
- ee ee 


Aes ey acm. 


a 


oe 


Transitional AB horizons are usually present in the latter stages of 
development. Colours of the AB are similar to the overlying Ae while 
structure is generally similar to the blocky mesostructure observed in 
the Bnt below. 

C horizons are massive and saline. Carbonates, salt crystals and 


gypsum rosettes are normally, though not always, encountered. 


2.2.2 Chemical Properties 

Since Solonetzic soils were at one time salinized, soluble salt 
content is generally higher than in associated Chernozemic_ soils. 
Distribution of salts with depth depends upon the balance between rate 
of leaching and groundwater introduction. As solodization proceeds the 
depth to which salts are leached increases (Bowser, 1961); hence, the 
depth to a saline horizon generally increases (within a aiven climatic 
zone) through the sequence Solonetz Solodized Solonetz Solod. 
Bowser et al. (1962) report low electrical conductivity (EC) values in A 
and B horizons of Solods and Chernozemic soils, with somewhat higher 
EC values in the B horizons of Solonetz and Solodized Solonetz soils 
(see Figure 2). Higher EC values were also found in the C horizons of 
the Solonetzic soils as compared with the associated Chernozemic soils. 
Similar findings have been reported elsewhere (Arshad and Pawluk, 
1966a; Bentley and Rost, 1947; Landsburg, 1981; MacLean and Pawluk, 
1975: Sandoval and Reichman, 1971). 

Qualitative differences in the soil chemical suite are also presnt in 
different horizons at different genetic stages. Both soluble and 
exchangeable Na’ increase with depth in Solonetzic soils (Fiqures 3 and 


4, respectively). Maximum accumulation of soluble Na, relative to other 
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Figure 2. Distribution of total soluble salts with depth 
according to taxonomic classification (After 
Bowser et al 1962). 
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Figure 3. Sodium adsorption ratio (SAR) as a function of depth and 
soil classification (After Bowser et al 1962). 
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Exchangeable sodium percentage (ESP) as a function of 
depth and soil classification (After Bowser et al 1962). 


cations, generally correspond to zones of maximum salt concentration 
(Bowser et al., 1962; Sandoval and Reichman, 1971). Likewise, soluble 
Gaul tends to increase with depth and attain a maximum in saline 
horizons. Values for cue however, are generally lower than those for 
Na’ because of the lower solubility of Gan salts. Maanesium normally 
exhibits trends similar to oe although at lower concentrations. 
Exchangeable K” is low and uniformly distributed with depth (Arshad 
and Pawluk, 1966a) with soluble K~ exhibiting similar trends. 

Sulfate is by far the dominant anion reported in North America 
(Arshad and Pawluk, 1966a; Bowser et al., 1962; Sandoval and 
Reichman, 1971). European studies, however, frequently make 
reference to appreciable amounts of Comm HCO, and Cl relative to 
om (Sokolov. ands Kotin, 406!) Lursina, 1961 -Szabelcs 1965.) 1971) 

Soil reaction is variable and also reflects the evolutionary stages of 
soil agenesis. An alkaline pH in the A horizon is indicative of shallow 
groundwater and minimal profile development (Pawluk and Dumanski, 
1969). Acid conditions, whether measured by soil reaction (Figure 5) 
or exchange acidity are more frequently encountered in the A horizon 
and are associated with more advanced profile development. B and C 
horizons are weak to moderately alkaline, the former generally more so 


than. the latter. (de Sigmond, 91938) Bowser et al.7) 1962; srawluk sand 


Dumanski, 1969; Szabolcs, 1971). 


2.2.3 Mineralogical Properties 
Mineralogical properties of Solonetzic soils are also variable. The 
most important property, that of clay mineralogy, will be the only 


mineralogical fraction discussed. Pawluk (1982) suggests an appreciable 
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Soil reaction as a function of depth in Solonetzic and 
associated soils (After Bowser et al 1962). 
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amount of expansible clay minerals must be present for Solonetzic soils 
to form. A considerable amount of research supports this view point. 

Van Schaik and Pawluk (1978) report approximately 50% of the total 
Clay® 1haClionee ieee tne wc we horizonsi=-of » some sSolometzie, esos: sis 
montmorillonite. lilite. further comprises 25 ‘to 303. Corresponding 
values reported by Arshad and Pawluk (1966b) for C horizons are 40 
and 25%, respectively. Similar values for montmorillonite are also 
reported by Brunelle etealboltil 976)i. 

Mica and/or kaolinite have been reported as subdominant 
phyllosilicates (Arshad, 1964; Mathieu, 1960; Sandoval and Reichman, 
1971). On account of its ubiquitous nature, clay sized quartz is also 
presenta (Arshadya 964 sbrunnelle etvaley) 1976) 

Size and charge density of phyllosilicates to a large extent govern 
their distribution with depth in Solonetzic soils. Smectite minerals are 
expansible, smaller in size and higher in charae density and therefore 
are more susceptible to dispersion and migration under the influence of 
Na’. Brunelle et al. (1976) report as much as 35% more montmorillonite 
in Bnt horizons than in overlying eluvial horizons. In most cases 
montmorillonite was higher in Bnt than in the underlying C horizons. 
Higher illite content in the A and B hoirzons relative to the C horizon 
suggested illitization had occurred. The remainina clay fraction 
consisted of kaolinite, chlorite, amorphous material and quartz. These 
components were higher in eluvial horizons, which suqgests their 


increase is due to negative enrichment. 
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2.2.4 Physical Properties 

To a large extent physical properties of Solonetzic soils result from 
interactions between the soil chemical and mineralogical suites. The 
simple fact that exchangeable Na’ promotes swelling and dispersion of 
smectite minerals results in many unique characteristic features. 

The most obvious physical feature is particle size distribution 
(Figure 6). Textural differences between A and B horizons generally 
increase from Solonetz to Salodized Solonetz stages. Differences in clay 
content as great as 28% have been reported between Ae and Bnt 
horizons of Solodized Solonetz soils (Bowser Sieala, 1962). Differences 
in clay content between A and B horizons for Solodized Solonetz as 
compared to Solods is not as pronounced, although illuviation tends to 
occur further down the pedon and become distributed over a wider 
depth (Bowservet al’ 7 1962) 

Preferential movement of the fine clay fraction appears to occur 
relative to the coarse clay fraction. Bowser et al. (1962) and Brunelle 
et al. (1976) report more pronounced differences in fine clay content 
than total clay content between horizons. In some instances three times 
as much fine clay was found in Bnt horizons than in overlying Ae 
horizons. Fine clay within the Bnt was frequently found in quantities 
double that of the underlying C. 

Clay illuviation and resultant shrink-swell cycles are undoubtedly 
responsible, in part, for high bulk densities in Solonetzic B horizons. 
Arshad (1964), Brunelle el al (1976) and MacLean and Pawluk (1975) 
all report substantially higher bulk density values in Bnt horizons 
compared to overlying A horizons (see Figure 7). Bulk density 


differences between B and C horizons are generally less pronounced. 
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Figure 6. Distribution of the clay fraction with depth in two 
Solonetzic and an associated Chernozemic soil 
(After Bowser et al 1962). 
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Figure 7. Soil bulk density as a function of depth and 
classification (After Arshad 1964). 
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Hydraulic conductivity of Solonetzic B horizons is variable and 
somewhat reflects the degree of solodization: values, however, are 
generally much lower than those for Chernozemic B horizons (Bowser ee 
eile, 196279 Cigurecs). Stratified according to horizons, hydraulic 
conductivities generally follow a sequence A>C>B, although exceptions 
do occur (van Schaik and Pawluk, 1978). Anistropy may be present, 
particularly in Ae horizons. Development of a platy structure results 
in’ a marked preference for lateral flow relative to vertical flow 


(Eandsburg?, 919.81) 


2.3 Classification of Solonetzic and Related Soils 

Classification of salt affected soils, particularly those affected by 
sodium, is variable and to a large extent depends upon the reasons for 
developing such a classification system. Most classification systems 
have a genetic bias: that is, they describe soil classes as they reflect 
soil genetic horizons which evolve through specific soil forming 
processes. On the other hand, some classification systems characterize 
soil properties in light of agronomic use. In some instances the two 
merge to form a system based on common origin, yet with the potential 
for assessing agricultural utilization. A brief discussion of the major 
classification schemes dealing with salt and/or sodium affected soils 


follows. 


2.3.1 Canadian Taxcnomy 
in the Canadian soil) classitication, schemes (Gan. esol. Sunv. Comm; 
1978) the definition of the Solonetz order is based on B_ horizon 


properties. The Solonetzic B horizon "has columnar or prismatic 
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Figure 8. Soil hydraulic conductivity as influenced by depth 
and soil classification (After Bowser et al 1962). 
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structure; is hard to extremely hard whenimdry and =has rae mationot 
exchangeable Can to Na’ of 10 or less", Although chemical criteria are 
somewhat different than those of other classification systems, the 
morphological similarity is relatively consistent. 

Differentiation into great groups is based on the degree of 
expression of eluvial (Ae) horizons and disintegration of the upper Bnt 
horizon. Great groups recognized are Solonetz, Solodized Solonetz and 
Solod. Horizon sequences for these groups are, respectively: no 
pronounced Ae horizon (<2 cm thick); an Ae horizon 22 cm thick; and 
an Ae horizon at least 2 cm thick with a distinct transitional AB or BA 
horizon, In essence the great groups reflect evolutionary stages. 
Recognition of an Ae horizon, followed by a transitional AB (or BA) 
horizon, is intended to reflect the degree of solodization. 

Subgroup- differentiation primarily reflects  climatic/vegetative 
zonation and groundwater’ reaime. Surface colour and depth to 
mottle/gley features, respectively, are used to delineate subgroups. In 
one instance chemical criteria are used for recognition of a subqroup: 


the Alkaline Solonetz has a surface pH 8.5. 


2.3.2 United States Classification 
DOr ete S Soll scUhVeYy satath 

The soil taxonomic system used in the United States (U.S. Soil 
Survey Staff, 1975) does not recognize salt affected soils at a high 
level of abstraction. Salt affected soils are those which contain salic, 
gypsic or natric horizons, the presence of which is recognized at the 
great group level. 


Salic horizons, generally, are horizons which contain secondary 
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enrichment of salts more soluble than gypsum. Gypsic horizons are 
similar, “except the secondary enrichment is in the form of gypsum. 
Natricy shorizonsy have an = SAR 213 ‘(or ESP215)> "and they exhibit 
prismatic, columnar or, rarely, blocky structures. In most instances it 
appears the natric horizon is very similar to the Solonetzic B horizon as 
defined by the Canada Soil Survey Committee (1978). More complete 
definitions of these horizons can be found in the source material (U.S. 


SoilPsurvey Staff 1975). 


273.2.2 “WES. Salinity Laboratory Staff 

Classification of salt affected soils under this system results in 
three groupings (U.S. Salinity Laboratory Staff, 1954) based on soil 
chemical properties. Saline, saline-sodic and sodic groups are 


recognized. Differentiation is based on those criteria given in Table 1. 


Table 1. Ghemical’ classification of “salt “affected soils” (after UzS-. 
Salinity Laboratory Staff, 1954). 


Classification 


Property Saline Saline-Sodic Sodic 
EC (mS/cm). all pat! <i 
ESP. <15 alee) Pile 
pH? < 8.5 385 Ses 


"Electrical conductivity of saturation extract at 25°C. 


2 OH values are general, rather than critical limits. 
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Saline soils are frequently recoanized by the presence of white salt 
crusts on the soil surface. The dominant soluble salt is rarely Na’, 
with the dominant anions being Cl! and sofas Low solubility salts, 
such as gypsum and alkaline carbonates may also be present. These 
soils are generally well flocculated and permeable because of the 
presence of excess electrolyte. 

Saline-sodic soils are similar to saline soils in properties and 
composition except for the presence of appreciable Na’. Reclamation of 
these soils requires removal of Na’ concurrently with the removal of 
excess salts to prevent deterioration of soil structure and = soil 
permeability. 

Sodic soils differ from the previous two in having a low electrolyte 
concentration (EC<4). High Na’, over time, results in distinctive 
eluvial/illuvial horizons and a columnar or prismatic B horizon of low 


permeability. Sodium is usually the dominant soluble cation. 


2.3.3 Sodium Affected Soils of Hungary 

In 1938 de Sigmond advanced a comprehensive classification system 
for sodium affected soils in Hungary. Those soils affected by Na’ are 
grouped into a specific order and are subdivided on the basis of 
chemical and morphological criteria as they reflect genetic processes. 
Subdivision results in five "main types": Saline soils, Salty Alkali 
soils, Leached Alkali soils, Degraded Alkali soils and Regraded Alkali 
soils. Further differentiation into "sub-types" is also based on 
morphological and chemical criteria. A breakdown is given in Table 2. 

According to de Sigmond saline soils contain excess soluble salts 


and consist primarily of Na’ and Mg?* in variable combination with 
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Cit, SO Cog and HCO,. pamile development is weak and is 
maintained by poor internal drainage or minimal leaching. Vegetation is 
typically halophytic. Division into sub-types is based on the quality of 
anionic constituents (Table 2). 

Salty Alkali soils are similar in that profile development. is 
generally weak, although distinct eluvial and illuvial horizons are 
occasionally present. Exchangeable Na’ is>12% and total Na* is>0.20%. 
Permeability of these soils is variable, with the more permeable members 
being lower in exchangeable Na. Vegetative cover is similar to that of 
Saline soils. 

Leached Alkali soils follow in sequence as leaching and salt removal 
continue. The B horizon has a well defined columnar structure and 
eluvial/illuvial horizons are pronounced. Total soluble salt content is 
low except in the lower horizons while exchangeable Na’ content remains 
high in the upper horizons. C horizons are typically stratified on the 
basis of accumulations of carbonates or qypsum: the former occurs at 
greater depths due to lower solubility and a net downward movement. 
The D horizon (presumably "unaltered" parent rock) is normally gleyed. 
Vegetation tends to be xerophytic as opposed to halophytic because of 
decreasing salt content and moisture stress. 

Degraded Alkali soils have thick A, (Ah) and A, (Ae) horizons. 
Sodium is lost from the upper solum, being displaced by H* which 
results in an acid reaction. The columnar structure breaks down into 
"nut-like clods" and is not as distinct as in the Leached Alkali soils. 
Mottled and gleyed horizons, marking water-table fluctuations, are 
frequently encountered in the subsoil. 


Regraded Salty Alkali soils are those affected by secondary 
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salinization. Morphological and physical characteristics are similar to 
those of Leached Alkali or Degraded Alkali soils with the exception that 
morphological features may be weakly expressed. According. to 
de Sigmond these soils have undesirable properties associated with both 
high salt status and undesirable physical properties. 

A modified classification system, having a genetic and agronomic 
bias, is reported by Abraham and Bocskai (1971). Solonetz soils have 
been subdivided into five major soil categories (soil types) according to 
morphological and chemical criteria. The five types recognized are 
Solonchak-Solonetz soils, Meadow Solonetz soils, Meadow  Solonetz 
turning into Steppe soils, Solonized Meadow soils and Soled soils. 
Chemical limits for the five soil types are given in Table 3. 

Solonchak-Solonetz soils have weakly developed columnar’ B 
horizons, are high in salt, strongly alkaline in reaction and are 
characterized by shallow water tables. Differentiation into subtypes is 
based on the dominant anion(s) present, as given in Table 4, 

Meadow Solonetz soils are characterized by: a distinct eluvial A 
horizon of variable thickness; a columnar B horizon with a minimum ESP 
value of 15 or 25, depending upon depth; and C horizons which 
frequently contain accumulations of lime and occasionally exhibit gley 
features. Water soluble salt content is generally low in the A horizon 
but increases with depth. Subtypes are differentiated on the basis of 
A horizon thickness, as indicated in Table 5. Variants are further 
recognized according to salt quantity and composition. Thickness of 
the A horizon is deemed as important criteria for subdivision. Near 
neutral pH values (6.2 to 7.5) combined with low Na and low total salt 


content result in a medium more condusive to plant growth. Hence, as 


7 ie ; 
— i aa - a | 
et amimie: nv rset pero tn gia 


— goer Podge Tr old it we iii ew er, ju (AMA ark as 
bad we - 


0} otic 
te Hetatie@h G8] ernie andlor ij. GYVAR 


i“ sau wultawe Ga gee eit 
— 
ahiiis aming¥t We 


fun Wi 
_ = re 
ee ron Line ain Sin A — 
7 
iy | i - 
Tr ( ff 1 vist , wave OPI DA AR 2? i pat) ay 
: 7 
owns 8 eC Tg fuel tte: | yl Henge wa: i 
P pert ij urmervsiny ia is ' 14 ab uteotriel ae - 08 “i 
| Pa ae ian anianell 
4 j : zt ravine vy 41H ~ devtaroled aa 
i 9 4 fa] r ie a) ay | ardent 
a 
aint wh Toys en #6 > «gt vet erie lash 
j te hater by! i} - ineeralo’ 
‘i i i ( ones ab Tis | ' ‘} ry ie d orwininent 
; : > Moe f 4 in ee Tl be 
y4 iw wii 2 Th as ord iJ vA ’ d ee be 
_ a 
wey th eheenp =z id DH 1) ie (alias on) OR hee a 
lala a imei oR = ohh Gast rn Vii Sie eohaah. 
S23 Wiapes! Mie vee ven! oe ui ii iniesey WD noe ot 
ey a 
naubw ean 2 Ww bleu)  pariet etwherw yan nS j ef 
Jom teria ro viens Mig ep s « gine A Hinge 
° ; 


mene a iy yarn! eas 1h) “4 : 7, iusiin’ wie =e 
<< 


y Hi AAI iit (ad elityresst pear Wiany dajiay re aid (oan Al 
. i 

ti) AtcwAhav. . af et pai hiner bs Poona 
iia. brn f 614 iy os vison 
ee toenail a8 


f ay Wen. | in. T lb 


: 
mn Ee leew f 
Le > a s 
An 9 _ \ 


is 
aie 
> 


28 


LUO CS=S Oe ze) 
Ot—S$ 09—OT 09 — Of SES EO VO SES Qe C= mel 
SESS 09 —-OI OCOROE SES 1'0—s0'0 Sit=0) G=E SESS "a 
SS | OS=—Ol OEE | We—Ol 1'0—-S0'0 OV—O 8—S Sy Ni [IOS MOPvOUT SIZ}QUOTOS 
SIl< ! Or—Ol OS —OE Se — Sil CEO) SSS So 
SS | Or=Ol OS —OE SES S=0) Sy sG p> "a 
GS OWL |} Oize—(Ohs Che (0) 0 SO OS Coal V Polos 

LO-Ww SS Om 
sé= | OF—Ol 09- 0€ Or—SI ¢0-10 SES Cia “d 
T=) Or=01 In09=—0f ) 0P—cI SCOn ol 0 oa oot ‘d [}os oddajs ojul 
CS Or —OI OL—OE Or—Ol Sc 0 0 g—S =o! V BUIUIN} Z}OUOJ[OS MOPRII\ 
SESS CIEL 22) 

Sas |) 05 =01 OS —Ot Ob—SI 1-100 SES 6—S$'8 = “d 
OES OS 0 OS —0E Ob—-SI Or'0—S00 0Ga0 OlnarSale y="! "gd 
See Or AO OLS OF SE = Ol Sc0—-S00 0c —0 Cine oI Vv JIOS ZJQUOTOS MOPRIIA 

$0 OFS] o8< 2) 
Sis | 09 0c 09 —0¢ SEA} : 0) OSS G8< “d 
SES |) OD=We | WOW SES O)Il IE Sli c8< 'd 
cC= | OO 0E OS 0hs O! eeu Ol 18< Vv J}OS ZJQUOLOS-YRYIUOJOS 
UN 1JIN ce) F juso Jad ha yusa sod 

ee ee TOS O0T ences sranose| fo5e O*H J9}yeuu dk 
§ jo yuao aad ut HOU 9) ecu OID Hd anne ae ale 
TOM MURZIO 
SuOI}ed d]QqvosuLYyoxX| 


"(LZ6L Leyxsoog 
pue weyerqy wou) Auebuny UL SL LOS DLZ}JaUOLOS JO SauNnzeas LediwaYyd uofew “E aLqeL 


7 -_ 7 
7 - 7 aw 


» al 


- < 7 _ . - ; - 7 a 
: ban Gitte oot) eteperé ef oiler cizseeelt 16 sesss? Vie ie 
a (VOT be javee - 


29 


stated by Abraham and Bocskai "the fertility of such soils is directly 


proportional to the thickness of the A horizon". 


Table 4. Subtype differentiation of Solonchak-Solonetz soils in Hungary 
(after Abraham and Bocskai, 1971). 


eee 


Subtype Anion(s) 


EEE 


Carbonate solonchak-solonetz oe, HCO, 

Carbonate §& sulphate solonchak-solonetz 250% 3050 Con 
Carbonate & chloride solonchak-solonetz 2H (Oe . Coa SO; 
Table 5. Subtype differentiation of Meadow Solonetz soils in Hungary 


(after Abraham and Bocskai, 1971). 


Subtype Thickness of A Horizon (cm) 
Shallow <<a) 

Medium Tie 5 

Deep EARS) 


Meadow Solonetz turnina into Steppe soils comprise the third soil 
type. Deeper water tables result in increased eluviation and somewhat 
strong solodization in the upper B horizon. Soluble salt content is low 
except in the B horizon, while exchanaeable Na’ levels remain similar to 
those of the Meadow Solonetzes. Surface horizons are generally slightly 
acid to neutral (pH 6.2 to 7.0) and again form the basis for subtypes 


according to criteria in Table 6. 
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ikabley 6. Subtype differentiation of Meadow Solonetz soils grading 
towards Steppe soils in Hungary (after Abraham and Bocskai, 1971). 


Subtype Thickness of A Horizon (cm) 
Medium < 20 
Deep > 20 


Variants separated on the basis of salt content and composition are also 
recognized. 

Chemical limits for Solonetzic Meadow soils and Solods are given in 
ihable*33), Specific descriptions, however, are not given for these two 


soil types. 


2.3.4 Russian Soil Taxonomy 

The classification system used in the USSR, as described by Rode 
(1962) is similar, though not identical, to that described by de Siqmond 
(1938). Salt affected soils are generally classified into three groups 
(or types) which recognize unity in origin. That is, soil properties 
reflect soil processes which in turn reflect soil forming factors. The 
three major groups recognized are Saline, Solonetz and Solod soils. 

Saline soils, as the name implies, contain excess soluble salts. 
Profile development is weak with soils usually exhibiting "complete 
homogeneity of mechanical as well as total chemical composition of the 
aluminosilicate soil constituent throughout the profile". Subdivision of 
saline soils is based on two major constituents. Firstly, the depth and 


concentration of soluble salts as indicated in Table 7. 
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Table 7. Subdivision of saline soils in the USSR according to total salt 
content (after Rode, 1962). 


Terminology 


Non-saline 

Weakly solonchakous 
Solonchakous 
Solonchakic 


Solonchak 


Soluble Salt Content (3%) 


=< 0% 
> 0. 
0% 
Sali 


ale 


Depth (cm) 
Oe-s 50 
OS ates) 
300—— 80 
ap ail) 
surface 


Secondly, on the basis of the dominant anion(s) present, as indicated 


inw@iabile 2s: 


Table 8. 


composition (after Rode, 1962). 


Terminology 


Sulphate-soda 


Chloride-sulphate 


Sulphate-chloride 


Chloride 


Subdivision of saline soils 


in ‘the: "USSR Vaccording toy salt 


Dominant Anion(s)* 


*In the case of more than one anion, the latter is 


dominant 


Solonetz soils differ markedly from saline soils in their degree of 


profile development. 


surface of variable thickness underlain by an 


prismatic B horizon. 


These 


soils generally consist of a 


light gray 


illuvial, columnar or 


The B horizon generally breaks into "cuboidal" 


eon Ni< 


: ———— 
— a A A ES —_ 


—— 


; r - 
berratifiA: (am (Wet iepraniriqn bint) je lo Geet nlf oe 
a 
® 


7) Th ee ty i) 9 Wi #s eoett yy i ca af ily 76 fide ier 4 - iad Z 
| yates olay | ncatigoqmnead: 


: 
a ———— — — = >. = eet: aie: 


- 
‘olga Grininey yuerweiinre@? . 


eel _——  - ° == 
— 


ey ae | ee RES 
vie ine apniali eal = 
iy "yee nliintrh-o felted a 
AD Av innty : 


i¢ it (ae, erie int) corgite fo eee a @ fe 
a overlie 


; 7 
Te Vineet Sh a) a rs GOTH) Gling vinentia a 


= 


7 


’ 


: 


yo idol wo OY Velen? ViWwiaties se amuse », 7 


-_ 


ee eee ee aires to = 
5 . ~_) - 
hinladus® ni) elamid Vine, Hasteml A aerh) lemon), Bra . 


—— io 


52 


units, which characteristically have flat, humate stained ped faces. 
The Solonetz horizon is underlain by a horizon of salt accumulation. 
Calcium carbonate may be present in the middle to lower B_ horizon. 
Solonetz soils are highly variable and are subdivided on the basis of 
several criteria (Table:9). 

Differentiation into subtypes is based on twa properties. First, 
climatic zonation - Chernozem to Chestnut to Brown zone - as one 
moves to drier climates. Second, on the degree of moistening or, depth 
to groundwater table. Designations are Meadow Solonetz, Meadow 
Steppe Solonetz and Steppe Solonetz for aqroundwater tables at depths 
Of <5 sMasoes am eancds> 8 imi. respectively. Further differentiation of 
subtypes into genera is based only on chemical criteria: total salt 
content; depth of salt accumulation; type of anion(s) present; and 
depth to carbonates or gypsum. More specific criteria are given in 
Maples 9: 

Division of genera into variants, in part, relates to thickness of 
the A horizon (or horizons overlying the Solonetz horizon). Shallow 
Solonetz, Medium Solonetz and Deep Solonetz are recoanized when depth 
Or thersoveriving A Norizoniss Jecm 7a .-19.cmaand 15-25 cm srespectively 
(Rode, 1962; see Table 9). Rode further recognizes a Crusty Solonetz 
(AW horizon <3 cm thick) although) this: is not indicated “ins Table 9: 
Additional B horizon’ properties, namely Na’ content, degree of 
solodization and structure are listed in the table of Pak (1971) (see 
Table 9) but are not designated by Rode. 

Solods represent a degraded stage of Solonetz soils. They owe 
thelr OFiGin, wil) a nelative. sense, to. Increasing swater table depth. 


Solod soils have a highly humified A horizon, generally 6-10 cm thick, 
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Table 9. 


Criteria used for classifying Solonetzic soils 
of the USSR into various groupings (From Pak 1971). 


Subtype 
1 


Genus 
2 


Variant 
3 


According to zonality and 
degree of moistening 

Chernozem steppe solo- 
netzes : 

Chernozem meadow-steppe 
solonetzes 

Chernozem meadow solo- 
netzes 

Chernozem meadow-bog 
solonetzes 

Chestnut steppe solonetzes 

Chestnut meadow-steppe 
solonetzes 

Chestnut meadow solo- 
netzes 

Brown semi-desert solo- 
netzes 

Brown meadow solonetzes 


According to chemism 

Soda solonetzes: 
Soda-sulphate 
Soda-chloride-sulphate 

Neutral: 

Sulphate-chloride 
Chloride-sulphate 

According to the depth of saliniza- 
tion, i.e. to the depth of the 
upper boundary of accumula- 
tion of readily soluble salts 


| Shallow-solonchakous (5—30 
cm) 
Solonchakous (30—80 cm) 
Deeply solonchakous (80—150 | 
cm) 


Non-solonchakous (below 150 
cm) 

According to the degree of salini- 
zation 

Solonetz-solonchaks 

Strongly saline 

Medium saline 


| Slightly saline 
| According to the depth of occur- 
rence of carbonates and gypsum | 


Shallow calcareous (above 40— 
45 cm) 

Deeply calcareous (below 40— 
45 cm) 

Shallow gypseous (above 40— 
45 cm) 

Deeply gypseous (below 40— 
45 cm) 


According to thickness of 
A horizon overlying 
the solonetz one 

Shallow 


| Medium 


Deep 

According to the absorbed 
sodium content in the 
solonetz horizon 

Extremely low 

Low 

Medium 

High 

According to the degree of 
solodization 

Slightly solodized 

Strongly solodized 

According to the structure 
of B, horizon 


| Nutty 
| Columnar 
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underlain by a_ whitish solodized horizon of variable thickness. 
Remnants of the former Solonetz horizon are often visible in the A 
horizon. Surface reaction of the upper horizons is usually weakly acid. 
Below the surface lies a distinct illuvial horizon which may exhibit a 
"residual" columnar structure. The lower portion of the illuvial horizon 


may be calcareous. 


Bee le Ot espa Tle omanseSclomeiz amellopations moxen tla 

Several attempts have been made to group’ Solonetzic soils 
according to ameliorative potential. Most groupings are based on 
properties and hence, they reflect to some degree the classification 
scheme at hand. 

European literature makes several references to classification and 
meliorative potential of Solonetz soils. Rode (1962) states "reclamation 
proceeds particularly on Steppe-Solonetz". Thus, a water-table depth 
>8 m facilitates reclamation. Reclamation of Meadow Solonetz soils is 
more difficult due to shallower groundwater and higher soluble salt 
content. In these soils leaching and drainage become integral parts of 
the reclamation procedure. 

Rode further relates chemical properties, in part, to reclamation of 
Solonetz soils usina gypsum. Greater amounts of gypsum are needed 
for reclaiming Soda-Solonetz than Medium Columnar Solonetz. This 
apparently is related to both the adverse effect of soda on colloids as 
well as depth of overlying A _ horizon. In all cases it is felt deep 
plowing should accompany gypsum application to destroy the Solonetz B 
horizon. 


A further expansion on these characteristics is given by Szabolcs 
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25 
(i971): Primary emphasis is aiven to groundwater and_ secondary 
emphasis to the soil chemical suite. A summary is given in Table 10. 
Where the groundwater is disconnected from the soil solum, as is the 
case with Steppe-Solonetz soils, deep plowing and chemical reclamation 
methods are successful, although agrotechnics are also. strongly 
emphasized. 

Agrotechnics appear to include ameliorative tillage as well as 
seeding to tolerant and/or reclaimer crops (Pak et al., 1964). Salt 
content in the upper solum is the criterion used to select a specific 
amelioration method. 

In soils where the groundwater is temporarily linked with the soil 
solum (Meadow Solonetz, Solod soils turning into Steppe soils) similar 
methods are used. Gypsum applications and deep plowing are 
recommended, the latter particularly if water soluble salts are low and 
gypsum is high in the lower B and upper C horizons. 

For Meadow Solonetz and Solod soils adequate drainage and 
leaching is essential, particularly when salts in high concentrations are 
near the surface. Chemical amendments are also recommended, 
particularly in fine textured soils. 

In the U.S. Rasmussen and McNeal (1973) attempted to define the 
optimum depth of deep plowing and soil types responsive to deep 
plowing on the basis of hydraulic conductivity. The basis behind this 
research was thus: upon mixing horizons, the final weighted hydraulic 
conductivity will depend upon the relative thicknesses and hydraulic 
conductivities of those horizons incorporated in the mixing procedure. 
In deriving this procedure both electrolyte concentration and ESP were 


considered, as both have a_=proneunced influence on hydraulic 
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Table 10. 


(From Szabolcs 1971). 


Genetic type 
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Ameliorative groupings of Solonetzic soils 


| Relation with 
ground water 


content in the 
surface layers 


1 
Deep solonetz and 
solod soils 
Solonetz-like 
meadow soils 


2 
Meadow solonetz and 
solod soils turning 
into steppe formation 


3 
Solonchak-solonetz 
Meadow solonetz 
Meadow solod 

(shallow and medium) 


not linked 


temporarily 
linked 


permanently 
linked 


| less than 0.2% 
| (about 4 mmhos) 


| about 0.2% 
| (about 4 mmhos) 


more than 0.2% 
(about 4 mmhos) 


* The necessity of irrigation depends on local conditions. 


Water soluble salt 


1 


Amelioration* 


| low amount of chemical 
amendments, proper 
agrotechnics and 
suitable crop (deep 
ploughing, alfalfa, etc.) 


chemical amendments, 
deep ploughing and 
drainage if necessary 


drainage and 
chemical amendments 


or a a > 
. 7 . af 
a Va a ot 


a 


’ — 


dumpfel Se conti. ayfsiatiaw: ei {dat 
URED eatodesy eer”) 


i) ; 7 7 _ 
% 
i (i a oe hits | . 
wie: Cr eee ; 
‘ ge? 
—— 4 —_— —————— _ 
7 ' 
' j 
ca 
Aa) iy "nh ba tnv ier? imi 6a } 
j / 
fii! iin? 4 + 
Sa 4 
1 . . 
| 44 
' 
‘ pie pil 
| 
4 
j ih) Ory : i’ j j 0 q wt? 
eid | & u y 
a i i ne 
2 
ney I i 
fate @ lik | 


witlbe 


37 


conductivity. 

In Alberta Cairns (1961) evaluated a  Solonetz-Solodized 
Solonetz-Solod complex with regard to possible amelioration. In light of 
chemical properties determined Cairns assessed the suitability of three 
amelioration methods; gypsum application, application of elemental sulfur 
and deep plowing. Gypsum applications were deemed unsuitable due to 
the low solubility of gypsum and poor drainage. It was felt applications 
of S° would further reduce an already acid pH as well as promote 
leaching of Ga: Deep plowing appeared to be the most suitable 
amelioration method. Destruction of the B horizon and raising the 
surface pH could be accomplished in this manner. A minimum depth of 
W6rcm “and! =a desirable depth of — ol cm, were “given to ensure 
incorporation of sufficient qypsum and carbonates to raise soil pH and 
promote chemical reclamation. 

Carson et al. (1979) also attempted to assess the deep plowing 
potential of Solonetzic soils in Alberta on the basis of chemical 
properties. A various analytical methods were used including soluble 
salt analysis on saturation extracts and extractable cation analysis, 
using NH, Ac at various soil to extractant ratios. Results of the 
chemical analysis were discussed in light of Known crop response, or 
lack thereof, on deep plowed soils. No clear relationship was found 
between any one chemical parameter and the degree of crop response. 
Low SAR or ESP values, and high Ca:Na ratios were inconsistent in 
predicting a favourable crop response. The reverse was also true. 
Sites which did respond well to deep plowing generally had an acid Ap, 
although this was not universal. 


Information available through standard soils surveys has _ also 
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served as a basis for assessing areas suitable for deep plowing. Soil 
classification, texture, drainage, parent material, topography and 
stoniness are considered by Kjearsgaard (1980) to be important factors 
in governing deep. plowing. Kjearsgaard's assessment is given in 
Table 11. He further points out that lime or salt horizons are normally 
present. If, however, depth to these horizons is in fact important, 
then soils in the Elack soil zone are questionable with respect to 
plowability, as depth to these horizons may exceed penetration depth of 


the deep plows. 


2.4 Distribution of Solonetzic and Related Soils 
2.4.1 Geomorphic and Climatic Distribution 

Salt affected soils, including Solonetzic soils, are distributed 
throughout all continents of the world. Hence, they may be associated 
with a variety of climatic conditions and landscape features. Broad 
generalizations, however, can be made with respect to climatic and 
geomorphic distribution. 

Kovda (1965) and Szabolcs (1979) give an account of the climatic 
distribution of salt affected soils. These soils are generally found in 
cold or temperate regions although they also occur in subtropical and 
tropical regions. Generally speaking, climate is continental and arid or 
semi-arid. That is, at some time during the year there is a net 
precipitation deficit which discourages salt leaching and in fact may 
encourage salt accumulation. 

Geomorphologically, salt affected soils are generally associated with 
alluvial plains or river and lake terraces. They are also found in 


depressional mountain plains or occasionally on mountain plateaus 
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(Kovda, 1965). Vegetative paven is variable and to a large extent 
reflects climatic zonation. Grasslands tend to predominate in the 
Chernozem zones (Steppe regions) while savanna type _ vegetation 
predominates in dry, equitorial regions. Salt affected soils are also 
found under deciduous/coniferous vegetation in Podzol zones of the 
north and are frequently associated with Brown and Chestnut soils of 
warmer regions, Red Earths of tropical regions and Sierozems of dry, 
subtropical regional (Kovda, 1965). 

Salt accumulation is connected with well defined geomorphological 
and hydrogeological conditions. In arid and semi-arid regions the 
groundwater is usually somewhat mineralized (Szabolcs, 1979) 
particularly in relation to more humid areas (Kelley, 1951). Soluble 
salts within soils and groundwater is generally linked to underlying 
marine or brackish alluvial formations and _= shallow groundwater 
conditions. Kelley (1951) reports "much of the soluble salts found 
within soils of dry climates can be traced to secondary deposits [of 
shales and sandstones and the] chief cause of soluble salts is poor 
subsurface drainage". Within western Canada Solonetzic soils of 
semi-arid and sub-humid regions are generally associated with relatively 
level topography, relatively shallow, saline Cretaceous shales and 
restricted internal drainage (Bowser, 1961). Such findings are 
reported in studies of Arshad and Pawluk (1966a) and MacLean and 
Pawluk (1975). 

Depth to the water table is important. Florea and Stoica (1958) 
report a critical water-table depth of 2.5 m. Water-table depths 
shallower than 2.5 m result in salinization of the soil surface by soluble 


salts (NaCl, Na,SO,, MgSO), CaSO, 2H,0). The degree of salinization 
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decreases as the water table deepens, with minimal salinization 
occurring at water table depths greater than 3.5-5.0 m. MacLean and 
Pawluk (1975) found Solonetzic soils in low lying areas where depth to 
the water table was generally between 0.5 and 2.0 m and discharging 
groundwater was very saline. Chernozemic soils were found primarily 
in upland areas where the water table for most of the year was greater 
than 2 m deep, although they were also found in low lying areas with 
Shallower water tables. Low Na™ groundwater and lateral flow above 
the water table appeared to relate to the occurrence of Chernozemic 


soils in low lying areas (MacLean and Pawluk, 1975). 


2.4.2 Geographic Distribution 
The approximate distribution of salt affected soils by continent or 


subcontinent is given in Table 12. 


Table 12. Worldwide distribution of salt affected soils (after Szabolcs, 
1979). 


Extent of Salt Affected Soils 


Continent (x 103 ha) 
North America 154755 
Mexico and Central America 14965 
South America 1297163 
Africa 80,538 
South Asia 87,608 
North and Central Asia 211,686 
South East Asia eh ehsie) 
Australia Swap el) 


Europe 50,804 
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Salt affected soils therefore occupy a considerable extent of land area. 
A breakdown of the geographical distribution of Solonetzic soils (with 
structural B horizons) is given by Szabolcs (1979). A summary is 
given in Table 13. 

In addition to those countries listed in Table 13, Solonetzic soils 
also occur in Spain, Austria, Greece, Italy and Portugal (Szabolcs, 
1971) ~ Ine Canada athesbulk of Solometzie soils are found im Alberta. 
Approximately 4 million ha, or 30% of the arable land, is occupied by 
Solonetzic soils (Peters, 1978). In Saskatchewan there are 
approximately 1.5 million ha of land where Solonetzic soils predominate 
(Anderson and Ballantyne, 1982). Their presence is also reported in 
Manitoba, although chemically they may not satisfy the definition of 


Solonetz (Ehrlich and Smith, 1958). 


2.5 Land Use of Solonetzic Soils 
2.5.1 Land Use and Amelioration Methods 

The nature of the areas in which Solonetzic soils occur is generally 
of low local relief and is climatically suitable for production of a variety 
of crops. In essence, the areas are arable and as such the major land 
use of Solonetzic soils is agricultural. 

Under dryland conditions, a variety of crops have been or are 
currently grown on Solonetzic soils, depending upon prevailing climatic 
conditions. Field and forage crops such as wheat, oats, barley, rye, 
flax, rapeseed (canola), alfalfa, bromegrass, crested wheatgrass and a 
variety of other forages or forage mixtures are common in Alberta. 
This, undoubtedly, is also true of other areas, as field crops comprise 


a major land use in European countries (Abraham and Bocskai, 1971; 


ok 
; cana wlies 


WANs, port Yo joeTna soma “ aan 


ae arty We iat Hawn 


vb lbh 


dia allind cieteutle 1 re 


(or) aolotase ‘cs init a Siured fia 
‘| waa an 


ai Wren? 
: er; 


vp alae? av Grell salmmuc® eet! 0° Pt ae 


i 
ser | deerlacets viel gheit) phate ini oh TD te 
vanil . meet a? lum 6 led Heyer} shermaad m4 “(tS 
7 TA) ee, ch: Award? TH 1408: ef coin a viareanleoreys 
an id ign’ ped La yt pret | oline aigtenaled - 
naneria 4) lipcrcntend: cet! 7 uf ie Gol ylatamnixarg@e 
ral yam (A > in erye tipytt rok) fy e@iia!? Bre nesevelitt 
iy «Asie coe Gray oval rho pales denmettie edasl natal 
Se — 7 
» tata path mam Bak 
- a niles ie bh ei 
) shine Weseryrnie Wt iy eyitan aft 
phat 7 iPass iets il abet sm) ye Ma ee ‘past aol) y 
ae - - 
lateai j only (tease @ Glin: abris if yi > e a fl ’ 
: if (iene a oho tyne, 
wih 4% creed hint errnn Ta) wet nants Wasives ony 
ays eins . vols ai piraiat ei lee al Th) Og: 9 ' 


(leat ee Oe setalen Nugy a Ayaiet on ae ee 
hw re sberegaa s¥ht Le ine am ia 

- .aid, iY oe apenll vol nee Thy Baa mh) a7 
7 : | 


ccmaite ia 0 aval 
al “ou 


a 


Table 13. Worldwide distribution of Solonetzic soils (modified 
from Szabolcs 1979). 


Continent and Country Approximate Land Area ( x 103 ha) 


North America 


Canada 6,974 
USA 2e 590 
South America 
Argentina Waiter aks) 
Bolivia VANS) 
Brazil 362 
Paraguay 1,894 
Mircea 
Angola 86 
Chad Sho HORS 
Liberia 44 
Niger dled 
Somalia Seis 4 
Asia 
Solomon Island 30,062 
- USSR WE, Giltss 
Australasia Heh Wal 
Europe 
Bulgaria 20 
Czechslovakia i 
France US) 
Hungary 326 
Romania KO) 
USSR ZO 2 
Yugoslavia 135: 


* Computed by difference, assuming total area in the USSR 
Qecevioriec! ly SOlleMNeauZie SOMIS WS WOO L[CC@O Oe Ime, (Pele Wei). 


| eee 


7 
> 
Senet 


(pee? @iu Be Lipweime 4 


ios Sie ect? Wen ath : 


— 


coe 


Le # 
nt 

‘bk 

| 


cae 

J 

ae 

“— 

vel 
way wt, 


oh)? Seed Ni) <i a 
olan), Gol. urea ar 


yy 


Obrejanu and Sandu, 1971). Not all land, however, is deemed suitable 
for cultivation. In Europe, those soils permanently linked with saline 
or alkaline groundwaters are generally restricted to pasture use or for 
growth of halophytic fodder crops unless adequate drainage is provided 
(Szabolcs, 1965). 

Attempts have also been made to irrigate Solonetzic soils. Mixed 
success has been noted in Alberta (Palmer, 1982), the northwestern 
Lies? }( Pipertorl1982) pyandmEuropes(Abrahamiand “Bocskary, 4971) Of 
particular interest is European utilization of Solonetzic soils for growing 
rice (Abraham and Bocskai, 1971; Obrejanu and Sandu, 1971), which 
involves inundation of the soils. Such attempts appear to have met 
with moderate success provided that adequate drainage prevents 
Salinization of surrounding lands. 

Land use has not been restricted to agricultural purposes. In 
Europe attempts have been made to establish tree plantations on 
Solonetzic soils, as well as utilize areas as fish stock ponds by 
inundating low lying areas (Abraham and _ Bocskai, 1971). Tree 
plantations met with limited success as trees are more susceptible to 
drought stress and have lower salt tolerance than field crops. Fish 
ponds were confined to areas with high water tables which were 
otherwise unsuitable for arable crops or pastures. Limited success was 
also realized with fish ponds, due to relatively low yields and 
salinization of Surrounding areas. 

Much of the land use of Solonetzic soils revolves around 
agricultural utilization, primarily because they "... mostly occur in 
areas where the agricultural potential is otherwise favourable a 


(Szabolcs, 1971). Their use as such, however, is generally hampered 
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by undesirable physical properties and difficult management resulting 
therefrom. Furthermore, more productive soils typically occur in 
association with Solonetzic soils which adversely affects productivity of 
the entire sraréarms(Szeabolesan 1971). For these reasons considerable 
emphasis has been placed on amelioration methods designed to increase 
productivity. A multitude of amelioration methods have been attempted 
over the last 30 years. These methods can be classified into three 
general categories; agronomic, chemical and physical. Not all methods 
within a grouping are mutually exclusive and an integrated approach 
combining several techniques is frequently used. 

Agronomic amelioration utilizes cropping practices desianed to 
maintain or increase the indigenous fertility of the soil without 
drastically altering its properties. Growth of crops such as alfalfa or 
saline/alkaline tolerant forages is desianed to improve soil conditions 
and prevent soil deterioration. Applicaton of manure and qrowth of 
plow-down crops also serves to improve surface conditions. Agronomic 
amelioration encompasses principles involving both physical and chemical 
treatment, however, since processes are biological the rate at which 
improvement progresses is generally slow. 

Chemical treatment primarily involves the application of amendments 
designed to promote exchange and leaching of Na’. Certain fertilizers, 


such as (NH))550,, NH,NO,, Ca(NO and K,SO), have been used for 


3)9 
this purpose (Cairns and van Schaik, 1968, Cairns et al., 1980; Carter 


Cpe yale ae @bresant and» Sandu) 19718). Acid or acid-forming 


compounds, such as Sz. HSO HiGinon, Fes, have been used (McCready 


Lye 
and Krouse, 1982; Obrejanu and Sandu, 1971; Pak et al., 1967). Other 


amendments utilized include gypsum, phosphogypsum, lignite dust, 
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molasis, FeSO, CaCl, and Caco, (Alzubaidi and Webster, 1982: 


Obrejanu and Sandu, 1971; Pak et alo) 1967; Rasmussen Olealty los 2. 
Raychaudhuri, 1965). 

Physical treatment results in relatively drastic changes within the 
soil body. Subsurface drainage and leaching with irrigation water 
(Ravehaudhurizy. 1965 Paterson, 1982 “Travis; 1982) “are used “to walter 
the soil hydrologic regime as well as encourage leachina of Na’. Land 
levelling and the digo method (placement of low. salinity, often 
gypsiferous and calcarious material over poorer quality material) in part 
alters the hydrologic regime although additional amelioration is also 
realized from the additional chemical effects. Profile disruption 
techniques including  chiselling (Alzubaidi and Webster, 12982), 
subsoiling (Hermans, 1981; Lavace and Cairns, 1980; Rasmussen el al, 
1972) and deep plowing (Anderson and Ballantyne, 1982; Alzubaidi and 
Webstem, 1962 Bowser and Cairnse.i9677 "Cainns; 9625. Harker et tal, 
1977, ILavado™and Cairns, 19807" Rasmussen “et ali (9 1972; and others) 
have been shown to alter hydrologic, chemical and physical properties 
of Solonetzic soils. One of the most promising techniques, because of 


its drastic effect on profile characteristics, is deep plowing. 


2.9.2 ‘Deep Plowing 

Deep plowing, as an amelioration technique, appears to have 
evolved during the early 1950's in the USSR. Development appears to 
have occurred almost simultaneously on three distinctly different types 
of soils with different aoals intended. Deep plowing of Podzolic soils 
was initially devised to mix subsoil material with the relatively infertile 


A horizon while burying the less fertile Ae horizon (Botov, 1959; 
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Aodlin, 1960). Concurrently, deep plowing was evaluated for its ability 
to reduce capillary rise of saline groundwaters in irrigated areas by 
destroying the network of fine capillary pores (Fesko and Strugaleva, 
1959). Deep plowing (or a similar tillage form) of Solonetzic soils was 
evaluated at approximately the same time (Maksimyuk, 1958; Botov, 
1959). Shortly thereafter deep plowing or horizon mixing of Solonetzic 
soilss was. Studied in, the U.S. (Pair and Lewis, 1960) and Alberta 


(Gainnse. 1.9621). 


Zee el eA COLY 

Deep plowing involves the destruction and reorganization of genetic 
horizons. As an end it attempts to increase crop productivity through 
the following means: 

(iJ) Physically disrupt the, Bthiorizon,. 

(2) Incorporate Gan Salts within the disrupted B horizon. 

(3) Incorporate carbonates within the Ap horizon. 

Mechanical disruption of the B horizon and redistribution of soil 
constituents is intended to improve the physical and chemical condition 
of the soil such that crop growth is encouraged. Specifically, deep 
plowing should: 

(1) Increase water transmission properties of the soil by reducing 
bulk density and increasing the proportion of noncapillary 
pores. 

(2) Increase penetration depth of crops, through reduced bulk 
density and increased depth of water storage. 

(3) Expedite salt leaching, particularly Na’, due to increased 


, : ieee 
depth of "effective" leaching and incorporation of Ca salts. 
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(4) Encourage biological cycling of Gate (calcification) through 
increased rooting depth of crops. 
(5) Increase the general level of biological activity by reducing 
extremes in soil moisture. 
Several researchers have examined the effect of deep plowing and/or 
deep tillage in light of these anticipated changes. some of this 
research is summarized below. Those aspects not covered at this time 


may be found in the appropriate chapters to follow. 


2.5.2.2 Soil-Water Relations 

Several authors have reported changes in moisture movement, 
retention and extraction by crops after deep plowing or profile mixing. 
For the most part dramatic increases in water infiltration have been 
noted upon mechanical mixing or deep plowing soils (Pair and Lewis, 
HoOG0 7 Eckwand Waylon, 91969; skasmussen et al-7 1972; Maksimyuk, 1958). 
Exceptions, however, have been noted and Mech etgale (1967) attribute 
a higher infiltration rate in the conventionally tilled soils, relative to 
the mechanically mixed soils, to possible lateral flow along an Ae 
horizon. 

Increased infiltration, to some degree, has resulted in greater 
depth of water storage (Eck and Taylor, 1969; Rasmussen et al., 1972) 
and a more uniform distribution of moisture with depth (Burnatzki and 
Yarovenko, 1961). In addition, a greater total water storage results 
within the disturbed profile (Fehrenbacher ely aicy 1958 Cary sel salz, 
1967-5 eclenands: Taylor” elJ69)e Greater water storage is linked to 
increased infiltration but may also be due to reduced evaporation from 


the soil surface, as reported by Eck and Taylor (1969). Greater total 
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water storage generally results ‘in increased water extraction by 
vegetation (Cary Cia, 1967; Mech Clial, 12677 Eck anc ska lor 1969) 
although increased total water storage may be a result of increased clay 
content in some zones with no apparent difference between plant 


available moisture (Fehrenbacher el alae 


Zoe our euUlke Density 

Bulk density is a property which influences water and _ root 
penetration in soils and has been addressed, in light of deep plowing, 
by =several authors... (Rasmussen etal. (1972)sreport reductions im bulk 
density for all horizons to a depth of 90 cm upon deep plowing a 
Solonetzic soil. After eight years bulk densities at depth still remained 
low. Sandovel (1978) also noted reductions in soil bulk density at 
depths of 15 to 91 cm five years after deep plowing a Solonetzic soil. 
Although bulk density generally decreased upon deep plowing, increases 
in the bulk density of the surface horizon (Ap) have been reported 


(Sandoval et al., 1972) eu 
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Tilth is defined as "the physical condition of a soil as related to 
its ease of tillage, fitness as a seedbed and impedance to seedling 
emergence and root penetration" (Can. Dept. Agric., 1976). Deep 
plowing attempts to improve those aspects of tilth related to root 
penetration; that is, reducing bulk density and increasina water 
transmission properties improves’ root penetration characteristics. 
Another aspect of soil tilth, however, may deteriorate upon deep 
plowing. This aspect is soil suitability as a seedbed. 

Several properties have been measured by various authors which 
reflect reduction in soil tilth. Reduced infiltration (Lavado and Cairns, 
1980 -aMecch me tras, 1967), increased soil hardness (Lavado and Cairns, 
1980) and increased crust strength (Sandoval etrala; 1972) are resultant 
properties which restrict crop growth. These properties are linked to 
certain changes in the Ap horizon, such as increased clay content 
(Rasmussen et elle 1972: Sandoval eur ale, 1972. Lavado and Cairns, 
1980), increased extractable Na’ (Cairns, 1976a- Lavado and, Gairns-, 
1980) andsas loss<of organic matter as reflected in reduced C and N 
contents (Bowser and Cairns, 1967). No attempt, however, has been 
made to specifically measure, correlate and predict changes in_ soil 
tilth - as measured by physical parameters - with changes in the 
distribution of soil constituents caused by deep plowing. Several 
authors (Cairns 19/76; Mech” etval., 1967) point out the importance of 
developing management practices designed to cope with, or improve, 
resultant physical conditions in the seedbed of deep plowed soils. 


Hence, an understanding of these physical conditions, those factors 
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which affect them and those changes which impart them is essential. 


3.1 Objectives 
The objectives of this study are quite broad in overall scope. 
They follow in approximate order of importance. 

(1) Quantify, in relative terms, physical, chemical and 
mineralogical characteristics of Ap horizons (deep plowed and 
conventionally tilled soils) which have some bearing on soil 
tilth, and determine the~ relationship between these 
properties. 

(2) Substantiate and procure differences in fabric and composition 
through micromorphological investiqations. 

(3) Indicate soil management practices which may aid in alleviating 
adverse properties in the resultant deep plowed seedbeds. 

(4) If possible, further elucidate the basis for crop response on 
deep plowed soils and cevelop criteria for predicting relative 


plowing success. 


3.2 Design Strateay and Experimental Layout 

Five sites in east-central Alberta were chosen for this study in 
June, 1980. The sites were previously deep plowed as test sites under 
the deep plowing program conducted by the Plant Industry Division, 
Alberta Agriculture. Plowing was performed in 1975 or 1976 depending 
upon the site, with a three layer or single bottom plow (Table 14). 

Deep plowing was performed in approximately 4 ha strips adjacent 
to an unplowed check strip (hereafter referred to as conventional 


tillage). A paired plot design was established on the deep plowed and 
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[C] Yield sample locations (1m?) 
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Figure 9. 


Field plot design showing (a) Relationship of paired plots 
within sites (b) Distribution of paired plots according to 
Slope position and possible associated soils. 


*Classification is according to the Canada Soil Survey 
Committee (1978). 
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adjacent conventionally tilled strip (Figure 9a) immediately prior to or 
after crop emergence in June, 1980. Plot locations were chained in for 
relocation the following year. Each paired plot consisted of two 1 m? 
crop sampling blocks, separated by a 1m? soil sampling block, on each 
of the deep plowed and conventionally tilled strips. Individual paired 
plots were located as close tegether as possible on adjacent tillage 
treatments while still maintaining adequate distance from the dead 
furrow to eliminate edge effects. The rationale here was to minimize 
soil variability within paired plots on the assumption that the soil on 
the deep plowed strip was, prior to deep plowing, very similar in 
nature to that presently on the check strip. 

Four paired plots were established at each site. These were 
located, if possible, on different slope positions (Figure 9b) to 
encompass the range of soil types anticipated within the field. In this 
manner, changes in soil properties and crop yield characteristics could 
relate more closely to the geomorphic soil sequence present. 

A more specific account of site characteristics, experimental design 
and analysis methods are found in the Materials and Methods section 


within the appropriate chapter. 
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1 BIOGEOGRAPHIC SETTING, MORPHOLOGY —ANDEMICROMORPHOLOGY 


4.1 Introduction 

This chapter is devoted to biogeographic characterization of the 
study area and characterization of visual soil features. Characteristics 
of the study area, includina climate, vegetation, geology and _ soils 
inventories are discussed in the literature review. Site specific 
characteristics are included in the initial discussion. 

Morphological characteristics are examined, as they relate to soil 
processes and classification. Discussion of morphological features as 
they relate to crop response upon deep plowing is found in Chapter 6. 
Micromorphological investigations were undertaken to procure differences 
in soil fabric and composition as related to the geomorphic soil sequence 
present. Redistribution of genetic materials resulting from deep 


plowing is also examined. 


4.2 Area Description 
LV 2ele Loca tion 

The study area lies within east-central Alberta. More specifically, 
the five sites follow a general north-south transect along 112°W 
longitude between 52 and 53°N latitude (Figure 10). The northern most 
portion of the study area is slightly south of the Camrose-Viking area 
while the southern most portion lies within the Stettler-Castor- 
Coronation corridor. The entire area is contained within Naticnal 
Topographic System (NTS) sheets 83A (Red Deer) and 73D 


(Wainwright). 
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Wy2.2 Climate 

Climate throughout the study area is continental, characterized by 
long, cool summers (Koeppen climatic zone; Longley, 1968) and cold 
winters. The CLI classification indicates that for certain locations 
within the study area agriculture is limited by aridity or deficient soil 
moisture. This, however, is not true for the majority of the area 
(Environment Canada, 1976). 

Mean annual precipitation for Camrose, Forestburg, Halkirk, 
Castor, Stettler ‘and Coronation is given in Table 15. Annual 
precipitation is relatively uniform throughout the area. Slightly less 
precipitation occurs in the southern portion of the area relative to the 
northern area (370 mm to 390 mm vs. 390 mm to 400 mm). Lower 
precipitation is more apparent as one moves east, particularly in the 
southern region (420 mm vs. 327 mm for Stettler and Coronation, 
respectively). 

Mean seesonal precipitation is also given in Table 15. Growing 
season precipitation ranges from 61% (Castor) to 70% (Halkirk) of mean 
annual precipitation. Corresponding values of growing season plus fall 
precipitation are 73% and 83% of mean annual precipitation, again for 
Castor and Halkirk, respectively. It is aenerally accepted the bulk of 
"effective" precipitation utilized by crops is that which occurs during 
the growing season and fall, as winter precipitation in this region is 
generally lost through evaporation or runoff (Bowser et al.., (Say 
1951). June and July are high rainfall months, with approximately 120 
to 160 mm falling during this period. April and October are months of 
low precipitation in the spring and fall, respectively. 


Table 16 lists annual precipitation values from 1968 to 1978. The 
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high and low years on record at Castor of 402 mm (1973) and 180 mm 
(1976), respectively, represent 133% and 75% of normal precipitation. 
Since the average moisture deficit in the area is approximately 203 mm 
(Laycock, 1960) the 1976 low represents an overall moisture deficit of 
approximatley 300 mm. Years of below normal precipitation thus may 
severely limit crop production, particularly in the southeastern portion 
of the study area. 

Mean annual snowfall (Table 17) is higher in the south and 
southeastern portion of the area. Total snowfall ranges from 874 mm at 
Camrose to 1283 mm at Coronation. Generally, only a small portion 
(14-273) of total annual precipitation is derived from snowfall. Mean 
fall snowfall (September and October) is low in all areas, indicating 
rainfall during this period is the major contributor to soil moisture 
reserves the following spring. 

Although no mention has been made of rainfall intensity thus far, 
this factor is equally important. Timing and intensity often determine 
the effectiveness of precipitation, particularly that which occurs during 
the growing season. For the period May through August, one-day 
maximum precipitation, based on a 10 year return period, is 51 to 
64 mm. For the same period, with a 25 year return period, one-day 
maximum precipitation is 64 to 76 mm (Longley, 1968). These values 
indicate a significant portion of growing season precipitation may occur 
during a single 24 hour period. 

Table 18 lists temperature means at available locations. Little 
difference exists in monthly, seasonal or annual temperatures between 
stations. Mean annual temperature is approximately 2°C. January is 


the coldest month at approximately -15°C, while July, averaging 17°C, 
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is the warmest month. The approximate number of degree days, from 


May 1 through September 30, is 2200 to 2400 (Longley, 1968). 


W.2.3 Vegetation 

The study area falls within the aspen parkland vegetative zone, 
which forms a transition between deciduous/coniferous forests of the 
north, and short and midgrass prairies to the south (Pettapiece, 1969). 
There is a gradual increase in the proportion of midgrass, mixed prairie 
grassland as one moves southward at the expense of tree cover. 

In the northern area, the dominant tree cover is aspen poplar 
(Populus tremuloides) with willow (Salix spp.) commonly occurring in 
moist, non-saline depressions. White spruce (Picea = glaucajm is 
occasionally associated with poplars in moister areas. More open areas 
consist of various shrubs and herbaceous vegetation intermixed with a 
variety of grasses. Rose species (Rosa spp.) are the most common 
shrubs while Canada Anenome (Anenome canadensis), Cinquefoil 
(Potentilla spp.), Goldenrod (Solidago spp.) and Common Yarrow 
(Achillea millefolia) comprise the more conspicuous herbs. Smartweed 
(Polygonum lapathifolium), Dock (Rumex spp.) and Water Parsnip (Sium 
suave) are frequently found in moister positions. Grasses include 
various admixtures of Wheat Grasses (Agropyron spp.), Blue Gramma 
Grass (Bouteloua syzigaehne), Rough Fescue (Festuca scabrella), June 
Grass (Koeleria cristala) and Bluegrasses (Poa spp.). 

Towards the south of the study area the proportion of grassland 
increases and minor vegetative changes indicate a slightly drier climate. 
Gumweed (Grindelia squarrosa) appears along with Needle Grasses 


(Stipa spp.) while the proportion of Common Yarrow and Buffalo Bean 
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(Thermopsis rhombi folia) increases. 

A more complete listing of the more common vegetation species and 
their habitat is given in Table 19. 

Various weed species are well represented throughout the area. 
The best represented family is the Cruciferae, including Stinkweek 
(Thlapsi arvense), Common’ Peppergrass (Lepidium densiflorum), 
Shepherd's-purse (Capsella bursa-pastoris), Flixweed (Descurainia 
sophia), as well as several other less common species. Troublesome 
perennial weeds include Cuack Grass (Aqgropyron repens), Canada 
Thistle (Cirsium arvense) and Common Dandelion (Taraxacum officinale). 
Green Foxtail (Setaria viridis) and Chickweek (Stellaria media) are more 
common in the northern area. Several other species are also present, 


as indicated in Table 20. 


4.2.4 Geology 
4.2.4.1 Bedrock Geology 

The two major bedrock units within the study area are the 
Edmonton and Bearpaw Formations (Rutherford, 1939; Warren and 
Hume, 1939; Stalker, 1960). Both are of upper Cretaceous age with 
the former primarily brackish or freshwater in origin (Stalker, 1960) 
and the latter marine (Geol. Surv. Can., 1967; Green, 1972, as quoted 
by Hackbarth, 1975). 

The Edmonton’ formation consists of argillaceous sandstones, 
bentonitic shales, carbonaceous shales, thin bentonitic beds and coal 
seams (Geol. Surv. Can., 1967). The Edmonton formation underlies the 
majority of the study area to the west and south (Rutherford, 1939; 


Warren and Hume, 1939). In the northeast region the Bearpaw 


were ee 


atin hanuiarigy: igi a6, 


a Pedic tre ih irayihed orale? ai Oi 3) oar eres 


an ore oc 
\ Doon i sides HO SE alee 


al ae 
y - esEOND tam wy aT swe sinus 
at aldeT mi oan at 


ocean: ene 
eels Wri viinar tee nged: 6 


tf 
| Jat TFT eunce: Tri iit 


Why! >> mann noeto vaca 


— ssf seatlia ey > oes as pan a 
yu Y ; | a ; 
laa iulee eooom lene 
al hSaue) AocAat  % 13¢€ B ns aL s 2) witeict - 


ares eee snl ae 


pcrent ~yalbtaon eae ot romnenoes 


| S () 
0 eR en ergata ae: 
ha) ote 
Abra, | 1.8.0.8 
ThE! Ti 4 é if 7 i an i] one om? ries i 
ww) vartt 7 Hira “mt hte minane 
MILL » ON aie) tw) ' aio om 
7 — ve 
— ‘4 webton Wie sane aah) 
; pro - 
. Tia ma be.) Oyler Ogtre -“ we 
‘ a i 
Pio) diem is 
yen tb s0eLirh “epee ideal alate 


s (edru®t | mit j atlas avd 


7 a : 
ore vd Avital nl 7 4 


- 


65 


“S8tSeds uodn Butpusdap 

“SePaue papoom pue pueisseyub ut uoWwWo9 
“S8lDeds uodn But puedap “SeWaue papoom pue 
Pueisseu6B Aup pue ¥S1OW UL UOWWOoD Atdiey 


“SBoue euljes A, | euoisseocso pue isiow 
“B84ue UueyyUOU 
SUF UL UOWWOS auoW “S38491U2 ‘sapispeoy 


“seaue yom 
“SPLOtS BurAt mot ‘seaue LeUOlSSsaudap ‘ys1oW 


“Seeue | eu! ssaudap ‘stow 


“B84e pue| yued 24} UL Saloads 894} UOWWODS } SOW 


“S@tuteud ut Seu} | eoue4 
Buo,e uowwos At uetno}tiued “seeaue yam yuo }S10W 


“pueisseu6 atuteud eu y 

+O Se8ue suelup ut PUNOY S3B1i58ds Leusanas 
“S8lt9eds uodn 

Bul pusdap “seaue 49tdp 4oO ystow “puel, yued uo 
Sotuteud ut uowwos Atarey Setoeds |euanas 
“Puetsseu6 atutreud UL UoWWOos 

"sey eulles pue seaye +S}OwW mot ut uowWo9 
“Pue(sseub atuteud UL UoWWos 

“UOFFBALYLND padeosa “seaue Pequnisig 
“puetsseub ut uowwo9 

“S@P}Speou yam pue Sausuey 

“suoltjisod PEeUleup-{tam AlL@AL}eL au ut 
UOWWOD “ps},Uusesauday LLEM Satoads Leuanaes 


“SePp!speou yom pue Seyusuey 


“SS$INLQ-4ue,dod #O JUedND50 Leuotsesag 


FePILQeH 


“Beue Apnis ay} +NOYBnNouYy PUNO}Y Sdatoaeds 4UOL}eVaHan uoWWO9 


esoy 
L}Osanbuty 
dnd4uej yng 
swousuy epeueg 


490q 
PSeM{UeWS 


MOLLIM 
uedsy But | queuy, 
SSPUD pahka-an,g 


sebpas 


S8SSe4y al paay 


sseuben,g 

Sseu5 aunp 

Aa ueg Diheax<oy 
enosey yYBnoy 
Swoug ssel_uMmy 
SSe4uH eweuy snig 
SSb4u5 YBnols 


SSeuy }peaum 
[#23329 uouwog 


s9n4uds ea1KuUM 


oweN UoOwWWOo) 


“dds esoy 


‘dds Pll f£Juejog 
‘dds sn(nounuey 
S!suapeues oWwoueuYy 


‘dds xowny 
wnt {os !y ede, WNUOBA | Og 


‘dds xityjes 
SEP lOo(nwauj snindog 
“dds WNIYOULUGAS YS 


‘dds xaue9 


“dds edjis 


‘dds eog 

PJEIS14UD Cluajaoy 
wnqzegqnl wnapuoy 

Pl leuqeos eonjsay 
SiWueul Snwoug 

SI POeMO enol|ajnog 
euyoebizAs Be luuewyoag 


‘dds uouAdouby 
Pllosysjey eydry, 


Bone (6 eadiy 


S8!oeds pue snuay 


eaesoesoy 


9e90e| nounuey 


SeBDBUOBA[ OY 


ees90RPo1 eS 


eveceptuy 


eePaceuadAy) 


Sseeultweuy 
sesoeyudA, 


seeceuty 


Attwey 


6l elqey 


ras prguante ruc) getieat Ftd 
> « / 


an s faticet 7 : a 
oe 7 _ - 

- —— : . 
wor? @) tte wabig aan 


- 


rr adtwee i prmerd tee! tar® 


. : : . peat i ; 
een! deee* to4 OTe eee or avsatete! emma? 


treer@) ageu= 


, ss 
y 9 iad » 4 - — = 
ee wets egewe* 1 | > oO >? ws 
i a w- '° + Ge 
| ee ad | ee (feq vad y. i . ey - . més 4 
eum = * See @ 7D nd ; at? a 2 ——_ 
one 7 age? onl 1.) oa 


or. 1) 


qme*ecie s 64608 ? 


- ete! wrt  & 


oe ce 
eas ) OS 


‘ad i i] 


= 4060's wen Lf Ag 
= ; Mito” &F e ‘ 


Ghar! rer Sait) i 'é78* e-0 “e 6° ia S ‘va oo 
- ee jo” @ eo} ae i 
mee! Oar sim- wre + aye e748? oF ' mic wed Ou \oump eee 
oz : - 7 @ © a) @ ‘a asl 
8 = tana. age Laie aan i] qve ~~ - 


oa > ; . 7 ‘ieteee | Se S Or wie 
_ a . ' 907 a ea “oer ‘, 0* oe =@? 1, 
ae eriy' +o Asad ies “rn of Va. a 
es a 1% 
0 et oss Cte eee 
, soar Vi ) AS ; i 99% 


@ee@%c art’ ' 


on Pe & 2. Q 5 y ny 
7 sa® - hi —n @ ow ear @ , - —_ 


66 


“eBgue Apnis FNOYUBNOUY UOUWOD S38l!oeds Leusras 
“B8de UduauiuOU Ut Suey -seaue 

SuULLeS pue seauye Pequnisip “S8tuteud Auq 
“s}ei!qey 

Le4usarss ut S8'9eds Yitm snueb Pe }USsSaudsay LLom 
“PUBLSSeuB antjzeu UL UoWWoSs Kuay 


“884ue UuayzuoOU 
U} UOWWOS Buoy “S8P!}Speou pue seaue Pepoom 


“esue 

“SYBNOLS ‘seaue +S!1Ow 
“884de UuseuiuoOY 

Ut UOWWOS auoWw -seaue +S'OwW pue spoom uedg 


448U}40U UL UoWWos Suow 


“B84e Uday yuoYU 
Ub UOWWOS BuOW -seaue P8qunisip ‘spoom uedg 


UL UoWWoS Ssuoy 
“4OR}EALZIND padeosas SAVY YOLUM Saloads BAL}eU 
Pue paonpoujzuy “S8Ptspeou pue seaue Pequnisig 

“SSP!sSpeou pue Sspueisseu6 ut uowwo9 
“PSOnNpoujzuy “S®8P!speou pue sesaue Pequnysig 


“Psonpoujuy “S®P!speou pue sesue Pequnisig 
“Spoom usdo pue Pueisseu6B atureud Ut UoWWo9 
“PE9nNpoujuT “$3198Q48}(eyUsS pue Sp4ueAwuey 
“S8t9eds uodn Bul puadep “pueitsseu6 

Aup se LLOEM Se sedue PSP0OM ‘{yStow 


7221qQeH 


“Beye Apnis ayy +NOYBNouYyy punos $8!58ds uoljie,abGan uowwo5 


POuduaep| oy 


peamuny 


MO44BA UOWWOD 


Me4jyspag 44384} 40ON 


dtusuey 4sj}em 


diusueg moo | 


LL'!qQ-s,eueug 


Yd28A 


HBAOLD 
4Uesqg OLesyng 
Y8A0LD Yeaams 

(esl esiy) 4OLPpey 
eutdny 
euepbeues UuowWwo9 


4Y2498A AL IW 


eWweN UOWWoD 


‘dds obep!jos 


BSOuuenbs BPf(apuluy 


‘dds sajsy 


PLrlosop [iw Ba! !yoy ee}soduo5 


9/P84U0q wnije5 eeaoetqny 


PAENS Wnts 


wnjeue! wna/seuay Se4841 | Lequap 


ff] (auyoig wntueuas eee0el ue Ua 


PUeDluawe e1d1 4 


‘dds Wnt |Ostuay 
Ptl1O4%!quwoyu Sisdowusy 4 
‘dds SNJOJ Lay 

‘dads O6be Spay 

‘dds snu fdanq 
SUSISSuO0gue euebeues 


‘dds Sn/ebeujsy Sesoujwnbe 4 


S8'5edS pue snuey Atiwey 


"(Penut yuodd) “6L G1qe, 


weed) soemod 


eal 
terratik! Gateewt a =e 
epee!) tend a eins 
oot of etn o > hetVetn .4 nett 
‘gears a ce stenes* 


ipsa 


ese t A) 78 “Sie » on ate) (agml 
on 
feone mi Peaped Gry> Mas mane a 
Ware! ean arctan =. Cetera? 
iyae sate’ 7 
gah’ esongios &0*eeeya 
@ tanh qar Seu)! Fe 


> — 


———al 


67 


“SPpLary PSIEALYINO ©} Pesoddo spe Spue,Aey 
Ut Wetqoud pe +O Suow -eaue +NOYBNouYy uowWWos 
“Bayue N UL UOWWOS sud “30uedsS Alartzetay 


SSGOnIS But mou6 AlLeAtjore Ut [oOuquos O27 
FINS y451Q “SPLSEty uy /Seyudjed, Pez! teoo, ut UOWWos 


“Al twey psam 
YOWWOS soy euL “P®uUssauday [LEM BusuaB Auew 


“eeue Ny ay} Ut UoWWoDs Buoy 


“e0ueosS AL eA el ay 


“SPLEL3 Ystoy “BuLAt MOL UL paam +UBULWOp ¥ 
“UOWWOD 
“psam Auepuosas e Attuewtug “uowwWwoo AL@A EL ay 


“eeue N ut Atsetnotizued “uowwo95 

“spue| e4nised UL psom WS (| qoud 

2 4ng SPLaty PEIEAIA{[NO UL B59uedSs AL@AL{eLay 
“8ALYLYaedwo5 Ar uBiy pue +4Uepungy 

“S89!1}0eud 

Leunzytno 44!M [Ou,UOD OY FINI 41Q “SPLely ULYUQIM 
,Seyudjed, PeZlt eso, UL SuunoZ0 “a0ueos Alaa e_tay 


S}uUBWWO5 


40! | spueg uoWwWoy 
P88M-aliddeaury 
P4eaqs ymey Lenuuy 
PlStuyy epeueg 


UbezpUuReLg 


OFEWOL Plim 


SNOtuey 
PEEMyHD1YD9 
Suet sung 


PeemMBiy +O00upay 
PeemMBig 984}S0uq 


S48} ueng S,Qque 
PeeM{ueUWS 
FESUMYONG PLIiM 
+B8UM HONG Asgeyuey 
Lieixoy UB88u5 

Ast ueg [reixoy 
S320 Plim 


SSPUD y4OeN( 


Swey Uowwos 


“Bese Apnis et); +NoyGBnouyy 


PLEUIOI 440 wnoexeue |; 

SOP 1ol1uedsujzey Blue dtujey 
WNW0jJoaq Sidau9 

PSUaNUe WNiSas9 


‘dds Ober jJueyy 


WNdOl stay wnue los 


snotuen 
PIpew elueljajzs 
P3IIPU3/0 B28 (Njuoy 


SNX8 1 fOUJSYU SNY Jue VeWy 
SUEZ I 99e U6 SAY JUueVeWy 


wnqgje Wn! podousy) 

“AL 10s14 ede | W“NUOBA fog 
SNINALOAUOD WNUOBA jog 
WN 14uejuey wnukdobe 4 
S'Pluata Pluejas 

wnjegnt unapuoy 


enies euany 


Susday YOuUAdOuby 


S8}oads x» snuay 


Sei !soduio5 
Seeceu!bezue| g 


Sesoeuelos 


Se48s1Onu9 
985k! | Audokuex 


SB89R1 Nog 


Seeceu Ue ueUY 


88898 | podouay) 


SESOPUCBA | og 


Sesulweuy 


a + - 
: @ i 
— wate Ay saorgurvtt Gernees + retoett be 
7 ov qewie_ eft 40m r = aint is 
’ a noe ; 


nih fee _ 


etrmong? 


= 
tes) teso! ad aaa _etten® ¢lt 
> ats fontnay © t*u7* et! - gates? 2 0% 


*a1<8 ew? Gris 


poi4 (320% 
x er bi eewet (an4e beg *™ =~ eth at« cle @1 a’ ue : 
: ee werare nor9. 714 . oon rw «'* oie ; a orp? woah o-_——. 
= eaureee © te as aan 
a oT ’ a. -= = we 7 2% o_— ve a ch 2 : 
: _ 
7 ) i hike |= s°@ &% oat ai >e* aust aerey Sm iene™ 
7 : . 3 an q¢ J ahaa 2 - 
ar iia ' : : ; w é ’ ames ye - 
é ue : 2 -4ep4" 


ee 


Bp ae AV 24675 =o a auF ' 
Saba? eceeter'ta St newer ens “rie Poer-pent 2 se SEA nw % 
— Uy 
» = 7 
» asic 7’ elena | eer GU & eaeee!, awl 
7 
ere eo imeem ee 


at 


gave! atf 08 cewners wad eras 
_ aga ite © tl nstfaeeace’ co} ' . sige oie oil amas = 
J) tai O9eW 
: vonn U4 eit G wens G99" ose -¥ ov! te! ©? ‘ rem! eee ueen yes) Aare *= - 
ane See ine! 4 


vil iba4hre 


entuew —ari~ne @ toe & Ww rierena® @ > 


diysai T3144 ste", &* oe & s° G« ‘ : 
_ a ames &*! oc gs ‘ ; : & 
— . di @ x ni “A j i t Gppedre® Ker 4 ryt « .© 
a - =~ & ° ; (4 a= «9 po 
- ni esten*y © *- aa4 (LcSeGouw e*) poit lear a G@il> hh) 

iwi e's ye 4 ary) : 

- 
a a a care a ——t —_ — = —_ = - —_ — 7 = os _ — —— 


68 


formation appears. The Bearpaw consists of interbedded argillaceous 
sandstones, sandy and silty shales, thin, concretionary ironstone beds 
and bentonitic beds (Geol. Surv. Can., 1967). Both bedrock 


formations dip towards the west and southwest at approximately 3 to 


Lomrkm (Leebreton.11 971). 


4.2.4.2 Physiography and Surficial Geology 

The entire study area falls within the Torlea flats physiographic 
division and contiguous areas (Stalker, 1960). This is an area of low 
local relief with elevations ranaing from approximately 700 to 820 m 
ASL. The area is characterized by shallow, small, frequently dry and 
saline lakes and sloughs (Stalker, 1960). One small river, the Battle 
River, transects this physiographic unit (Figure 10). 

The area is dominated by glacial till deposits of relatively shallow 
thickness. Drift thickness in the Torlea flats ranges from 3 to 8 m in 
the northern region to less than 1.5m in the southern and 
southeastern extremities (Stalker, 1960; Gravenor, 1956). Average 
thickness is 1.5 to 3.0 m. The thin glacial till deposits generally occur 
as relatively level to rolling ground moraine systems although localized 
areas of hummocky moraine are present. Relatively level lacustrine 
deposits and occasional, scattered hills are also present. The majority 
of the glacial material is derived locally from underlying sediment 
(Stalker, 1960). 

Three till members have been described (Stalker, 1960). They 
differ primarily in age, degree of compaction and degree of influence by 
groundwater, rather than in composition. In ascending order, the 


three till members are Labuma, Maunsell and Buffalo Lake. This order 
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generally corresponds to decreasing age, decreasing depth of burial 
below the water table, decreasing compaction, decreasing content of 


carbonaceous material and increasing permeability. 


4.2.4.3 Hydrogeoloay 

Hydrogeological conditions within the study area are described by 
Le Breton (1971) and Hackbarth (1975). The water table can be 
approximated by the land surface and is generally within 15 m_ of 
ground surface. Active groundwater flow is generally within 90 m of 
ground surface and as such is mainly within non-surficial deposits. 

Chemistry within the bedrock waters tends to be comprised of Na’ 
and K* in combination with Cl , although SO,” is proportionately higher 
in the southern region (Castor area). Groundwater composition in the 


drift materials consists of predominately Gace and Mg?* in combination 


+ 


, 


with Oar and HCO,, although the proportion of Na’, K Cl and 
SO; increases slightly when the drift is relatively shallow. Areas of 
thick drift generally represent groundwater recharge areas_ while 
discharge areas occur where underlying bedrock deposits are in close 


proximity to ground surface. Approximate groundwater composition is 


given in Table 21, 


i2eo oll Inventories 

The area encompasses the Black soil zone in the north and grades 
into the Dark Brown soil zone in the south. The majority of the soils 
in the area are Chernozemic and Solonetzic with minor areas of Luvisolic 
and Gleysolic “solls’ s(Bowser “et val., “1947, 1951;> Wyatt et al. 1938, 


1944). The majority of the soils have formed within medium textured 
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(loam to clay loam) morainal deposits although significant areas of soils, 
particularly in the south and southeast, have formed within till veneers 
underlain by modified Cretaceous sediments at shallow depth (Table 22). 
In addition to that information given in Soil Survey reports (Table 22), 
Bowser et al. (1962) examined features of soils within the area. A 


portion of their results were discussed in Chapter 2 (2.2). 


4.3 Materials and Methods 
4.3.1 Soil Morphology 

Soil cores (75 mm diameter) to a depth of approximately 1m were 
taken in the fall of 1980 following crop harvest. Eight cores were 
taken at each of the five sites, four in each of the deep plowed and 
conventionally tilled soils (see Figure 9). Horizons were discerned and 
colour (Munsell), texture, structure and consistence were described 
according to the Canada Soil Survey Committee (1978). Horizon 
designations were initially assigned in the field and were later modified 
pending the outcome of chemical analysis. Direct soil classification was 
not possible in some instances as cultivation destroyed diagnostic 
horizons. In these instances classification is inferred on the basis of 


other soil properties. 


4.3.2 Soil Micromorphology 
He3.221, shin Section Preparation 

In the fall of 1980, 100 mm diameter cores were taken to a2 depth 
of 250 mm for micromorphological characterization. Cores were air dried 
for two months followed by oven drying at 50°C. The cores were 


impregnated using "Scotchcast" epoxy resin according to the method of 
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Innes and Pluth (1971). After impregnation the cores were sectioned to 
produce 50 mm x 75 mm x 25 mm blocks in vertical increments of 
75 mm. During sectioning the outer 25 mm was discarded as this was 
the most disturbed during sampling. The final thin sections, which 
measured 50 mm x 75 mm x 30 um were prepared by the Soil Science 


Laboratories, Laval University, Quebec. 


4.3.2.2 Descriptive Terminology 
Micromorphological investigations were undertaken to describe soil 
fabrics according to related distribution and plasma separation and to 
describe soil» voids’ Definitions of descriptive terminology are those 
given by Brewer (1976) and Brewer and Pawluk (1975). The following 
definitions (Brewer, 1976) are basic to micromorphological descriptions. 
Primary Ped: those peds in a soil which cannot be subdivided 
further to produce smaller peds. They represent the simplest 
peds in a soil material but may be grouped together to form 
larger peds. 
S-maucix: that material comprising primary peds, which may 
consist of plasma, skeletal grains and voids. 
Plasma: colloidal sized, relatively soluble, organic and inorganic 
material which is not bound up by skeletal grains. 
Skeletal grains: grains larger than colloidal material, which are 
comprised of indigenous minerals. 
Soil Fabrics According to Related Distribution (Brewer, 1976; Brewer 
and Pawluk, 1975). 
Related distribution refers to the orientation of a group of like 


individuals with respect to a different group of like individuals. It can 
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be described in terms of the relationship between plasma and skeletal 
grains or the relationship between matrix material and complex 
three-dimensional units. The various types recognized herein are: 

Porphyroskelic fabric: the plasma occurs as a dense groundmass 
within which skeletal grains are imbedded. 

Granic fabric sequence: unaccommodated, loosely packed, discrete 
units without coatings on or bridges between units. If the 
units exhibit some coalescence around the edges the term 
granoidic is used. Where the units are densely packed they 
may appear as a vughy aroundmass and approach a porphyric 
type of fabric. Modifiers are typically added to describe the 
composition of the granic or granoidic units. Modifiers 
include ortho- (mineral grains), phyto- (partially decomposed 
plant fragments), humi- (highly decomposed, dark, moder-like 
organic units), matri- (matrix material) and mull- (mull-like 
units consisting of plasma plus skeletal grains with plasma 
birefringence masked by oraanic matter). 

Fragmic fabric sequence: relatively densely packed, accommodated 
discrete units without coatings, on, or bridges between units. 
A patterned appearance qenerally results due to separation of 
units by horizontal and vertical joint planes. When adjacent 
units appear partially united, the term fragmic is replaced by 
fragmoidic. Densely packed units of this fabric sequence may 
also approach the porphyric type. 

lunctic fabric (formerly gefuric): f-matrix material forms loose 
infillings and bridges between framework members but does 


not entirely infill the areas nor does it entirely coat 
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framework members. Bare surfaces of framework members 
commonly form walls of the larger voids. 

Banded fabric: a succession of bands separated by a series of 
parallel, horizontal to subhorizontal, joint planes. These 
bands exhibit a gradation in colour and matrix from top to 
bottom. The top has a higher concentration of plasma and 
exhibits a darker colour than the bottom. 

Isobanded fabric: as with banded fabric except the bands do not 
exhibit a change in density of matrix material or a gradation 
in colour throughout the thickness of the band. 

Complex Fabrics (Brewer and Pawluk, 1975). 

Designation of complex fabrics recognizes the presence of two or 
more modal fabric types within a given zone. They are recognized as 
mixed or separated. 

Mixed complex fabrics: fabrics in which the component fabrics are 
inextricably intermixed; that is, they are intimately associated 
with one another such that they cannot be separated. An 
example is matri-mullaranoidic, in which mullgranoidic fabric 
is dominant yet matrigranoidic material is found in intimate 
association. 

Separated complex fabrics: the component modal fabrics can be 
separated into distinct, recurring zones. An example is 
mullgranic/mullgranoidic fabric where sharp boundaries exist 
between a dominant mullgranoidic fabric and subdominant 
zones of mullgranic fabric. A double slash (//) indicates 


there is a gradual boundary between the two fabrics. 
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Plasmic Fabrics (Brewer, 1976). 

Analysis of the plasmic structure involves the description and 
classification of elements of the s-matrix, with particular reference to 
the distribution and orientation of clay domains. Optical properties, 
particularly extinction patterns, are viewed under crossed nicols and 
are classified “according "to: visible plasma crystals; the kind and 
degree of orientation of plasma grains; the kind and degree of 
preferred orientation; and the kind and degree of development of 
plasma separations. Plasmic fabrics observed herein fall into the sepic 
class of Brewer (1976), and have "recognizable anisotropic domains with 
various patterns of preferred orientation". A brief account of those 
plasmic fabrics observed is outlined below. 

Insepic fabric: Striated plasma separations occur as_ isolated 

patches within a dominantly flecked plasma. 

Mosepic fabric: striated plasma separations may adjoin each other 
but the appearance is otherwise flecked. 

Vosepic fabric: a portion of the plasma separations are associated 
with the walls of voids, the remainder is flecked. 

Skelsepic fabric: a portion of the plasma separations are 
associated with the surfaces of skeletal grains, the remainder 
is flecked. 

Masepic fabric: elongated zones of striated plasma occur, the 
remainder is flecked. 

Complex fabrics can be named where more than one plasmic fabric 

is present. For example, if plasma separations are dominantly flecked 
with minor zones of oriented plasma occurring subcutanically in 


association with skeletal grains, the appropriate term is skel-insepic. 
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Voidsi(Brewens 1976). 

Voids, which represent the pore fraction, are described with 
respect to their size, shape and arrangement. Only a minor description 
of those voids described is given here. 

Vughs: randomly distributed and oriented voids of irregular size 

and shape; usually not interconnected with other voids. 

Joint planes: these are planar voids elongated in two directions 
and limited, im the third, They are generally random to 
interpedal, are parallel to subparallel, have a_ specific 
referred orientation and have relatively regular, smooth walls. 
An example is subparallel sets of joint planes in the banded 
fabric of an Ae horizon. 

Skew planes: generally similar to joint planes except they lack 
any specific referred orientation; that is, they are random in 
orientation and distribution. 

Craze planes: generally interpedal planar voids. They are 
complex, irregular and randomly oriented voids due to their 


association with accommodated peds. 


4.3.2.3 Image Analysis (Density Slicing) 

Image analysis was performed on_ selected thin sections to 
determine the extent of various genetic materials within a qiven thin 
section. Equipment utilized was supplied by the Alberta Remote 
Sensing Centre, Edmonton, and consisted of a light table, TV camera, 
density slicer and colour TV monitor. The image is converted by the 
density slicer into a video signal of up to 32 grey tones and is 


displayed on the TV monitor. The proportion of the various materials 
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was determined by assigning a given density range or ranges to a 
given material. Density intervals were adjusted to reduce the amount 
of overlap between different genetic materials. A more complete 
description of the density slicing unit can be obtained by contacting 


personnel at the Alberta Remote Sensing Centre. 


4.4 Discussion 
4.4.1 Site Description 
4.4.1.1 Landform 

Sites 1 and 2 are located in an area dominated by hummocky to 
undulating morainal deposits. Plots at both these sites were placed 
along the slope. Plots occupied the crest, midslope and lower slope 
positions, similar to that shown in Figure 9b. 

Level to rolling is the cominant surface expression at sites 3, 4 
AlCl tos Surficial deposits generally consist of a relatively thin till 
veneer overlying modified, unconsolidated Cretaceous sediment. For 
sites 3 and 5 plots were established along the slope while at site 4 plots 
were on the slope contour. In all instances the plots occupied an 
approximate midslope position. 

Data of McCracken (1979) indicating approximate depth to bedrock 


is given in Table 23, 


4.4.1.2 Drainage 

Table 23 also gives water-table depths at mast study sites during 
a portion of 1978. For the most part groundwater is relatively shallow, 
particularly in the early summer months. Overall water-table depths 


are slightly shallower where the depth of till is shallow. 
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Depth to bedrock and water table 


during 1978 (After McCracken 1979). 
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4.4.2 Soil Morphology 

Horizon designations and morphological descriptions for 
conventionally tilled soils of sites 1 through 5 are given in Tables 24 
through 28, respectively. Descriptions of the deep plowed soils are not 
given here, due to difficulty encountered in distinauishing features, 
the variability of those features and the resultant complexity of 
morphological descriptions. 

Soil profiles at site 1 (Table 24) are found on the following slope 
positions: profile 1 - lower slope; 2 - lower slope; 3 - midslope; and 
4 - upper slope. Because undisturbed Ah horizons, Ae horizons and/or 
AB horizons have not been destroyed by cultivation, subgroup 
classification is possible. For profiles 1 through 4, the respective 
classifications (Canada Soil Survey Committee, 1978) are: Orthic Black 
Chernozem; Black Solod; Black Solod; and Solonetzic Black Chernozem. 
In this classification chemical constraints (Appendix A, Table 61) have 
been considered and are reflected in horizon designations of Table 24. 

The soils do not conform ideally to concepts of landscape features 
for Solonetzic regions. Bentley and Rost (1947) and Bowser (1961) 
describe a. generals sequence ora, BU SZ. BE BL SO BESS BL-SZ 
as one moves downslope and the dearee of groundwater influence 
ineredases: That is, advanced stages of Solonetz evolution are 
associated with better drained sites in higher topographic positions. 
Jorme. (936) anc seliis eval: (i970)as cited by Peters (1932) report. the 
reverse to be true: weakly developed Solonetz profiles occupy the 
higher landscape positions while those in advanced stages of evolution 
(Solods) occupy lower slope positions. Increased leaching resulting 


from moisture redistribution to lower slopes is the rationale behind this 
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Table 24. Morphological descriptions of the soil profiles at site 1. 
Profile Horizon Depth Description 
(cm) 
1 Ap 0-10 Black (10YR 2/1 m); loam; moderate granular; 
friable. 
Ah VORAS) Black (10YR 2/1m); loam; moderate to strong 
granular; friable. 
AB 25-413 Very dark grayish brown (10YR 3/2m); loam to clay 
loam; moderate blocky and moderate granular; firm. 
Bm AG @) Dark yellowish brown (10YR 4/4m); loam to clay 
loam; weak to moderate blocky; firm. 
BC 70-91 Dark yellowish brown (10YR 4/4m); weak blocky to 
amorphous; firm. 
Cca 91+ Yellowish brown (10YR 5/4m); loam to clay loam; 
amorphous; firm. 
2 Ap O=i3 Black (10YR 2/1m); sandy loam; moderate 
granular; friable. 
Krotovena 13-15 
Ahe 15-28 Very dark grayish brown (10YR 3/2m); sandy 
loam; moderate granular to weak platy; friable. 
AB 28-41 Very dark grayish brown (10YR 3/2m); loam; 
moderate to strong blocky; very firm. 
Bnt 41-66 Dark brown (10YR 3/3m); clay loam; weak fine 
prismatic and moderate blocky; very firm. 
BCk 66-76 Dark brown (10YR 4/3m); loam; weak fine 
prismatic to amorphous; very firm. 
Ccas Me On Yellowish brown (10YR 5/4m); loam; amorphous; 
F leu 
Ccasa 97+ Yellowish brown (10YR 5/4m); loam; amorphous; 
Galitenre 
3 Ap O-11 Black (10YR 2/1im); loam; weak to moderate 
granular; friable. 
Ah 11-16 Black (10YR 2/1m); loam; moderate to strong 
granular; friable. 
Ae ve=20 Grayish brown (10YR 5/2m); loam; weak fine platy; 
friable. 
AB 20-26 Very dark grayish brown (10YR 3/2m); loam to clay 
loam; moderate fine to medium blocky; firm. 
Bnt, 26-41 Dark brown (10YR 3/3m); weak columnar and moderate 
fine to medium blocky; very firm. 
Bnt» 41-51 Dark brown (10YR 4/3m); clay loam; weak columnar; 
very firm. 
BCsk Silas Dark brown (10YR 4/3m); clay loam; weak columnar 
to amorphous; very firm. 
Ccas 61-87 Yellowish brown (10YR 5/4m); loam; amorphous; 
very firm. 
Ccasa 87+ Dark brown (10YR 4/3m); loam; amorphous; firm. 
4 Ap 0-8 Very dark grayish brown (10YR 3/2m); loam; 
weak fine granular; friable. 
Ah 8-12 Black (10YR 2/1m); loam; weak fine granular; 
friable. 
Ahe 12-26 Very dark grayish brown (10YR 3/2m); loam; weak 
platy and weak coarse blocky; firm. 
AB 26-38 Dark brown (10YR 4/3m); loam to clay loam; weak 
DIlOCKYVE halbme: 
Btnj, 38-51 Dark yellowish brown (10YR 4/4m); clay loam; 
weak columnar and moderate blocky; very firm. 
Btnj. 51-65 Dark yellowish brown (10YR 4/4m); clay loam; weak 
prismatic and weak blocky; very firm. 
BCk 65-81 Dark yellowish brown (10YR 4/4m); loam to clay 
loam; weak blocky to amorphous; very firm. 
Ck 81-94 Dark yellowish brown (10YR 4/4m); loam; amorphous; 
faemi 
Csk 94+ Dark yellowish brown (10YR 4/4m); loam; 


amorphous; very firm. 
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type of catena. 

The two schools of thought are likely both important in recognition 
of associated soils and their geomorphic relations. Geologic material is 
not homogeneous nor isotropic such that groundwater conditions can be 
accurately assessed on the basis of topographic information alone. On 
the same token, net leaching is not only a function of surface moisture 
but as well is strongly dependent upon internal drainage and 
groundwater flow. MacLean and Pawluk (1976) found the distribution of 
Solonetzic soils within a landscape cannot be explained entirely on the 
basis of topographic or hydrogeologic features alone and, even when 
hydrochemical features are evaluated, the catenary sequence of 
Solonetzic soils is highly variable. Several factors are undoubtedly 
responsible for the catenary sequence observed at site 1. 

Morphological features given in Table 24 generally conform to those 
previously sgiven withing thessregionsa{ Bowser) et’ val.., 91/947) 1962);. 
Solonetzic soils at this site are in an advanced stage of evolution, as 
indicated by blocky mesostructures in the B horizons and as reflected 
in the actual soil classification. Data in Table 23 indicate the water 
table is fairly deep and this is likely reflected in the soil profiles 
observed. The Orthic Black Chernozem observed in the lower slope 
position is not salt affected within sampling depth (Appendix A, 
Table 54), although its deep plowed counterpart is saline at 48 cm 
(Appendix A, Table 62). This implicates considerable variability in soil 
permeability which may reflect stratification of materials below sampling 
depth. 

It is interesting to note the Solonetzic Black Chernozem in the 


upslope topographic position (profile 4, Table 24) morphologically 
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exhibits strong Solonetzic features, including a columnar structure, 
very firm consistence when wet, extremely hard consistence when dry 
and dark humate staining on ped surfaces. Chemical criteria, however, 
exclude this profile from the Solonetzic order (Appendix A, Table 61). 
Similar anomalies have been observed elsewhere in Alberta (Reeder and 
Odynsky, 1964) but not within this region. 

The presence of Ah horizons underlying Ap horizons is unusual 
within cropped landscapes. This is possibly related to prior soil 
management. The check strip was located in close proximity to the 
legal field boundary relative to the center of the field. For many years 
tillage was accomplished with the use of a "one-way" tiller which, over 
time, could result in deposition of tilled A horizon material at the field 
extremeties at the expense of material in the center of the field. 


Soil features at site 2 (Table 25) are similar in nature to those of 


site 1. Soil profiles and corresponding slope positions are: 1 - lower 
slope; 2 - lower slope: 3 - midslope; and 4 - upper slope. Soil 
classification for these profiles are: i -ORthic  biack 62-8 Black 
Solodized Solonetz; 3 and 4 - Solonetzic Black Chernozem. Anomalies 


with respect to morphological and chemical criteria were not observed 
here, although as at site 1 an Orthic Black Chernozem was observed in 
the lower slope position. Both Solonetzic Black Chernozems exhibited 
only weak Solonetzic features. 

Salts within the profiles generally occur at shallower depths 
relative to those soils at site 1. Although no groundwater information 
is available, this suggests the water-table depth may be shallower at 
site 2 relative to site 1. The presence of a Black Solodized Solonetz 


(profile 2) supports this viewpoint. In addition, the presence of 
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Table 25. Morphological descriptions of the soil profiles at site 2. 
Profile Horizon Depth Description 
(cm) 
1 Ap 0-8 Very dark gray (10YR 3/1 d); loam; moderate 
granular; slightly hard. 

Bm 8-28 Dark yellowish brown (10YR 3/4 d); loam: weak 
to moderate blocky; hard. 

BCk 28-48 Dark brown (10YR 4/3 d); loam; weak blocky; 
lave taxol 

Cca 48-76 Brown (10YR 5/3 d); loam; amorphous; hard. 

Ccas PERV Dark Brown (10YR 4/3 d); loam; amorphous; hard. 

Ccas 5 101+ Pale brown (10YR 6/3 d); loam; amorphous; hard. 

2 Ap O=413 Black (10YR 2/1 m); loam: moderate fine 
Qranular; friable. 

Ae 13-20 Brown (10YR 5/3 d); loam to sandy loam; 
weak fine platy and moderate fine granular; 
slightly hard: 

Bnt 20-=33 Dark brown (10YR 3/3 d); clay loam; moderate 
to strong columnar and strong medium to 
coarse blocky; extremely hard. 

BC 33-36 Brown (10YR 3/4 d); clay loam; moderate 
blocky; very hard. 

Ccasa 36-63 Yellowish-brown (10YR 5/4 d); loam; amorphous; 
very hard. 

Ccas 63-108 Yellowish-brown (10YR 5/4 d); loam; amorphous; 
very hard. 

Csa 108+ Brown (10YR 5/3 d); loam; amorphous; hard to 
very hard. 

3 Ap O15 Black (10YR 2/1 m); loam; moderate fine 
granular; friable. 

Btnj B=) Dark brown (10YR 4/3 d); clay loam; 
moderate columnar and strong blocky; very 
hard. 

BCk 33-46 Brown (10YR 5/3 d); clay loam; moderate 
columnar and moderate blocky; very hard. 

Ccas, 46-70 Yellowish-brown (10YR 5/4 d); loam; 
amorphous; very hard. 

Ccas9 TO-30 Yellowish-brown (10YR 5/6 m); loam; 
amorphous; friable. 

Ccas3 90+ Brown (10YR 4/3 m); loam; amorphous; firm. 

4 Ap O=n2 Black (10YR 2/1 m); moderate granular; 
friable. 

Ae 1D=EXO) Brown (10YR 5/3 d); loam; weak coarse 
ies Siliclane wy, iakeitertel 

AB 20-33 Dark brown (10YR 3/3 d); loam to clay loam; 
weak to moderate blocky; slightly hard. 

Btnj 33-53 Dark brown (10YR 4/3 d); clay loam; weak 
columnar and strong blocky; extremely hard. 

BCk 53-66 Yellowish-brown (10YR 5/4 d); loam to clay 
loam; weak prismatic and moderate blocky to 
amorphous; very hard. 

Cca 66+ Pale brown (10YR 6/3 d); loam to clay loam; 


amorphous; very hard. 
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soluble salts and carbonates in the same horizons implicates a relatively 
shallow, stable water table. 

Morphological descriptions for soils observed at site 3 are given in 
Table 26. Unlike the previous two sites they are uniform in apparent 
horizon sequence and therefore classification, but differ markedly in 
lithology. With respect to location within the landscape, all soils are 
found within relatively level terrain. 

Based on morphological, micromorphological and analytical features 
(see Chapter 5) the classification for these soils is as _ follows: 
profile 1 - Black Solod; Profiles 2, 3 and 4 - Black Solodized Solonetz 
or Black Solod. Differences in clay content (both total and fine clay) 
as well as differences observed in phyllosilicate distribution upon deep 
plowing suggest relatively intense eluviation from the Ap horizon and 
thus implicate the development of a Solodized Solonetz or Solod for 
profiles 2, 3 and 4. This, however, is at best subjective in lieu of 
distinguishing morphological criteria. 

Stalker (1960) reports the presence of a discontinuous esker ridae 
within the immediate vicinity of site 3. This is supported upon visual 
observation of the field as well as the lithologic sequence in the soils 
examined. Profiles 2 and 3 have, within sampling depth, C horizon 
material (IIC) which is distinguishable as lenses or strata from 
overlying and/or underlying material in terms of colour, texture and/or 
SUPUCEUEG. The IIC horizon material is higher in chroma than the 
underlying material (profile 3), coarser in texture than the overlying or 
underlying material (profiles 2 and 3) and may be single grained 
(profile 3). Such a_ lithologic sequence suqgests a_ possible 


glacio-fluvial origin associated with internal ice flows. Gley features 
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Table 26. Morphological descriptions of the soil profiles at site 3. 


Profile Horizon Depth Description 
(cm) 
1 Ap 0-12 Black (10YR 2/1 m); loam; moderate fine 
granular; friable. 

Ahe 2a Very dark grayish-brown (10YR 3/2 m); loam; 
weak fine platy and moderate fine granular; 
friable. 

Ae 16-20 Grayish-brown (10YR 5/2 d); sandy loam; 
weak to moderate fine platy; slightly hard. 

AB 20-29 Brown (10YR 4/2 d); loam; moderate to 
strong fine blocky; hard. 

Bnt 293-63 Yellowish-brown (10YR 5/4 d); clay loam; 
moderate columnar to strong blocky; 
very hard: 

BCk 63-70 Brown (10YR 5/3 da); Clay loam; weak columnar 
and moderate coarse blocky; very hard. 

Gle VOHaS Light yellowish-brown (10YR 6/4 d); loam to 
clay loam; amorphous; very hard. 

ITICsk 85+ Yellowish-brown (10YR 5/4 d); clay loam; 
amorphous; very hard. 

2 Ap 0-14 Dark grayish-brown (10YR 4/2 d); clay loam; 
moderate fine granular; slightly hard. 

Bnt 14— 35 Dark brown (10YR 4/3 d); clay loam; moderate 
columnar and strong fine to medium blocky; 
very hard. 

BCk SNsy==15} 7/ Brown (10YR 5/3 d); clay loam; weak columnar 
to amorphous; hard to very hard. 

IICcag 57-64 Gray (7.5YR 5/0 m); sandy loam; common, fine, 
prominent, strong brown (7.5YR 5/8 m) mottles; 
amorphous; firm. 

IICsk, 61-83 Yellowish-brown (10YR 5/4 d); loam to sandy 
loam; amorphous; hard. 

IICsk9 83+ Brown (10YR 5/3 d); loam; amorphous; hard. 

3 Ap O-14 Dark grayish-brown (10YR 4/2 d); loam; 
moderate fine granular; slightly hard. 

Bnts 14-33 Dark brown (10YR 4/73 d); clay loam; strong 
cojlumnar and moderate to strong blocky; 
very hard. 

BCcas 39-513 Brown (10YR 5/3 d); loam; moderate columnar 
to amorphous; very hard. 

I1Cca 56-59 Brown (10YR 5/3 d); sandy loam to loamy 
sand; amorphous to single grained; 
slightly hard. 

[lCGeasa 59-73 Yellowish-brown (10YR 5/4 d); loam to sandy 
loam; amorphous; very hard. 

II1ICsak YLE= OB Very dark grayish-brown (10YR 3/2 d); clay 
loam; amorphous; very hard. 

iemGs 92+ Dark grayish-brown (10YR 4/2 d); clay loam; 
amorphous; very hard. 

4 Ap 0-14 Dark gray (10YR 4/1 d); loam; moderate fine 
granular; slightly hard. 

Bnt aioe. Very dark gray (10YR 3/1 m); clay loam; 
strong columnar and moderate blocky; very 
leu. 

BCsa 6244 Dark grayish-brown (10YR 4/2 d); clay loam; 
moderate columnar to amorphous; hard. 

Ccas 44-69 Pale brown (10YR 6/3 d); loam to clay loam; 
amorphous; hard. 

ITICk 69-84 Grayish-brown (10YR 5/2 d); clay loam; 
amorphous; extremely hard. 

Liles 84+ Pale brown (10YR 6/3 d); clay loam; amorphous; 


very hard. 
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observed in profile 2 further suggest this glacio-fluvial material may 
behave as a semi-confined aquifer for groundwater flow. 

Coarse textured material, where present, is always overlain by 
soils developed in medium textured morainal material. Overlying depth 
of glacial till ranges from 53 to 85 cm. Directly underlying the glacial 
till within profiles 1 and 4 is modified Cretaceous sediment, which also 
underlies the glacio-fluvial material of profile 3. This modified 
Cretaceous sediment is clay loam in texture, very hard in consistence 
and exhibits well defined fine, subangular blocky units. 

Salts occur at a shallow depth within the profiles, particularly in 
profiles 3 and 4 (Table 26 and Appendix A, Table 58). The presence 
of soluble salts in horizons overlying horizons which have accumulated 
carbonates (profiles 3 and 4) suggests an infusion of salts above net 
leaching depth. This implicates a_ relatively shallow, fluctuating 
groundwater table, although data of McCracken (1979, Table 23) 
indicate a relatively deep water table. It is possible that Solonetzic 
processes have resulted from lateral groundwater flow through the more 
pervious lenses and these lenses have piezometric heads independent of 
the topography. 

Bike “site> 3, soils “ots ssite) Se occun within a relatively uniform 
landscape. All profiles are on the midslope contour within rolling 
terrain. Diagnostic A horizons of profiles 1 and 2 may have been 
destroyed by cultivation, so their classification is tentative (Table 27). 
Analytical data in Chapter 5 suggest significant clay translocation such 
that profiles 1 and 2 appear to have evolved at least to the stage of 
Dark Brown Solodized Solonetz. The presence of salts at shallow 


depths and the columnar morphology of the Bnt horizons with a general 
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Table 27. Morphological descriptions of the soil profiles at site 4. 


Profile Horizon Depth Description 
(cm) 
1 Ap 0-14 Dark brown (10YR 3/3 m): loam; weak fine 

granular; friable. 

Bnt aly) Dark brown (10YR 3/3 d); clay loam; moderate 
to strong columnar; extremely hard. 

Bntk DOSS Yellowish-brown (10YR 5/4d); clay loam; 
moderate columnar; extremely hard. 

BCsak Si=58 Yellowish-brown (10YR 5/4 d); loam; weak 


columnar and moderate medium blocky upper, 
amorphous lower; hard. 


Csk 58-70 Yellowish-brown (10YR 5/4 d); loam; amorphous; 
hard. sand streaks present. 
Ccas Oz Dark brown (10YR 4/3 d); loam; amorphous; hard. 
2 Ap On1© Dark brown (10YR 3/3 m); sandy clay loam; 
weak to moderate fine granular; friable. 
Bnt 1Or A Dark yellowish-brown (10YR 3/4 m); sandy clay 


loam; moderate columnar and moderate 
subangular blocky; very firm. 


Cca 21-36 Dark brown (10YR 4/3 d); loam; amorphous; 
very hard. 

Ccasa So 5i7 Dark brown (10YR 3/3 d); sandy loam; 
amorphous; hard. 

Csk 57-931 Brown (10YR 5/3 m); sandy loam; amorphous; 
faditarnne 

res 91-105 Light brownish-gray (10YR 6/2 m); sandy loam; 
amorphous; firm. 

IIlICsa 105+ Dark yellowish-brown (10YR 4/4 m); clay loam; 
amorphous; very firm. 

2} Ap O=W| Dark brown (10YR 3/3 m); sandy loam; weak 

granular; very friable. 

Ae pap eee Brown (10YR 5/3 m); sandy loam; weak platy 
and weak fine granular; very friable. 

Bnt BY NOG Dark yellowish-brown (10YR 4/4 d); sandy 
clay loam; strong columnar; very hard. 

Ccas 37-63 Dark brown (10YR 4/3 d); sandy clay loam; 
amorphous; hard. 

Csk 63+ Dark yellowish-brown (10YR 4/4 d); sandy loam; 
amorphous; hard. 

4 Ap Oa Dark brown (10YR 3/3 m); sandy loam; weak 

fine granular; very friable. 

Ae 13-22 Grayish-brown (10YR 5/2 m); sandy loam to 
loamy sand; weak platy; friable. 

Bnt 22-39 Dark brown (10YR 3/3 d); sandy clay loam; 
moderate to strong columnar; very hard. 

BCk 39-53 Brown (10YR 5/3 d); sandy clay loam; weak 
columnar upper and amorphous lower; hard. 

Csk 53-68 Dark yellowish brown (10YR 4/4 m); sandy loam; 
amorphous; friable. 

I1Ccasa 68-93 Yellowish brown (10YR 5/4 m); sandy loam; 


amorphous; friable; gravelly. 

TiliGcasag 93-IH10 Dark-yellowish brown (10YR 4/4 m); clay loam; 
amorphous; firm. 
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absence of a blocky mesostructure support this classification. Based on 
observed horizon sequences, profiles 3 and 4 are Dark Brown Solodized 
Solonetz. 

The sola of all soils have developed in loam to sandy loam morainal 
parent material. Coarse textured material underlies the sola of profiles 
2 and 4 while sand lenses are present in the Csk horizon of profile 1 
(Table 27). Modified Cretaceous sediments are found within sampling 
depth in profiles 2 and 4. Soluble salts at relatively shallow depth 
(31 cm+, Table 27 and Table 67, Appendix A) and gley features 
observed in profile 4 suggest the periodic occurrence of a relatively 
shallow water table. 

Soils at site 5 (Table 28) also occur in the Dark Brown soil zone. 
All profiles occur in the midslope position in rolling terrain. The upper 
portion of the B horizon has, in three of the four profiles, been 
destroyed by cultivation. Analytical data (Chapter 5) is not as 
supportive for eluviation as those data for site 4 so classification is not 
given here. Stiowever, proitles described: within, the area (Wyetivet-al.; 
1938, see Table 22) would fall into the Dark Brown Solodized Solonetz 
category. 

All sola have developed in loamy textured glacial till. Modified 
Cretaceous sediment is encountered below the solum in three of the four 
profiles examined and is as shallow as 40 cm from ground surface 
(profile 4). 

Morphologically, the B horizon is generally strongly developed 
columnar with a fairly well developed blocky mesostructure. The latter 
suggests some degree of Solodization has occurred. Infusion of salts in 


the lower solum of profiles 2 and 4 suggests a relatively shallow, 
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Table 28. 


Profile 


Horizon 


Ap+Bp 
Bnt 
BC 
Csk 
Cs 
Csa 
Csak 
IICs 
Ap+Bp 
Bnt 
BCsk 
Ccasa 
Ccas 
Ap 


Bnt 


BC 
Ck 
Csak 
Ccas 


IIC 


Ap+Bp 


Bntsk 
BCk 


lICcasa 


L[iccecas 


Morphological 


Depth 
(cm) 
O=15 
15-29 
29-33 
33-41 
41-60 
60-86 
86-96 
96+ 
0-10 
10-24 
24-34 
34-41 


41+ 


53+ 
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descriptions of the soil profiles at site 5. 


Description 


Very dark grayish brown (10YR 3/2 m); loam; weak to 
moderate granular; friable to firm. 

Very dark grayish brown (10YR 3/2 m); loam to clay 
loam; strong columnar and moderate blocky; very firm. 
Dark grayish brown (10YR 4/2 m); loam; weak blocky 
to amorphous; very firm. 

Dark grayish brown (10YR 4/2 m); loam; amorphous; 
very firm. 

Dark reddish gray (5YR 4/2 m); loam; amorphous; very 
fades 


Cretaceous sediment (shale). 


Very dark grayish brown (10YR 3/2 m); loam; moderate 
fF viikS Cleeintiieirs wsreieloe se) iW illelue 

Dark brown (10YR 4/3 m); loam to clay loam; weak 
columnar and moderate blocky; very firm. 

Brown (10YR 5/3 d); loam; moderate blocky to 
amorphous; slightly hard. 

Pale brown (10YR 6/3 d); loam; amorphous; slightly 
hard. 


Dark brown (10YR 3/3 m); loam; moderate fine 
granular; friable. 

Dark yellowish brown (10YR 4/4 d); clay loam; 
moderate columnar and strong blocky; extremely 
hard. 

Dark yellowish brown (10YR 4/4 d); loam to clay 
loam; weak blocky; hard. 

Yellowish brown (10YR 5/4 d) ; loam; amorphous; 
hard. 


Cretaceous sediment (shale). 


Very dark grayish brown (10YR 3/2 m); loam; 
moderate fine granular upper and moderate to strong 
blocky lower; friable (upper) to very firm 

lower. 

Dark brown (10YR 4/3 d); clay loam; strong 
columnar and moderate to strong blocky; very hard. 
Brown (10YR 5/3 d); loam; moderate fine to medium 
blocky to amorphous; hard. 

Light brownish gray (10YR 6/2 d); loam to clay 
loam; amorphous; extremely hard; relatively 
unaltered bedrock material. 
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fluctuating groundwater table. This is supported by data of McCracken 
(Table 23) which indicates water tables as shallow as 1.2 m have been 


recorded, 


Deep Plowed Soils 

No attempt is given here to merphologically describe the deep 
plowed _ soils. Horizon sequences below deep plowing depth are 
indicated in Tables 62, 64, 66, 68 and 70, Appendix A, and are similar 
to those observed in conventionally tilled soils at equivalent depths. A 
brief summary with respect to plowing depth, however, is given here. 

Plowing depth at site 1 was relatively consistent and fairly deep. 
Plow depth ranges from 48 to 59 cm. Although, based on _ the 
conventionally tilled profile sequences, these depths were insufficient to 
reach C horizon material, in most instances calcarecus and saline C 
horizon material was observed immediately below deep plowing depth. 

Depth of deep plowing was slightly shallower at site 2, ranging 
from 38 to 48 cm. In most cases calcareous or saline C horizon material 
was not reached within plowing depth. In one instance a plowing depth 
of only 38 cm resulted in only partial disruption of an upper B horizon. 

Plowing’ depth sat site” 3 ranged from= 31 to 50 cm: In most 
instances this was sufficient to incorporate calcareous C horizon material 
(Table 66, Appendix A). In one instance this material was also saline. 

In most instances plowing depth at site 4 was sufficient to reach 
calcareous and saline parent material, even though plowing depth was 
relatively shallow (23 to 43 cm). The shallowest plowing depth (23 cm) 


was sufficient to penetrate a calcareous BC horizon. 
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The overall shallowest, but most consistent depth of deep plowing 
was observed at site 5 where plowing depth ranged from 33 to 42 cm. 
In all instances calcareous and saline C horizon material was found 


immediately below plowing depth. 


4.4.3 Soil Micromorphology 
4.4.3.1 Fabric Analysis 

Micromorphological descriptions for zones observed in both the 
conventionally tilled and deep plowed soils at the five sess are given in 
Tables 29 through 38. Descriptions are general in nature in that they 
describe all observed zones for a given tillage treatment and site. Not 
all zones are present within a given profile. For zone sequences 
observed within a given profile the reader is referred to Figures 11 
through 20. 

Descriptions for conventionally tilled and deep plowed soils at 


site 1 are given in Tables 29 and 30 with zone sequences indicated in 


Figures 11 and 12, respectively. Approximate horizon equivalents for 
those zone designations in Tables 29 and 30 are: Po Nee Tey Nes 
ib-—Ahes || = Ae® “lla-b = AB>1Va,b-e@ = Bnt om Bm: 9A and Al = 


anthropogenic material resulting from deep plowing. 

Zone |, or Ap material, reflects the norm of A horizon material 
observed. This zone generally consists of partially fused mullgranic 
units with variable amounts of partially decomposed plant tissue 
(phytogranic units) interspersed within. The dominant natural process 
implied here is the accumulation of organic matter and its resultant 
intimate and complex association with mineral material. Zone la is 


similar to zone | except it occurs below cultivation depth and is present 
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Table 29. General micromorphological descriptions for zones occurring in the 
four conventionally tilled soil profiles at site 1. 


Zone Rabanne Description and Remarks 


I Granic//granoidic Separated complex fabric: mullgranic 
units of irregular size and shape 
coalesce in areas to form zones of mull- 
granoidic fabric; degree of coalescence 
becomes more pronounced with depth; oc- 
casional phenoclasts; common partially 
decomposed plant tissue; inelusions of 
skel-mosepic porphyroskelic fabric com- 
monly present when this zone directly 
overlies zone IV; always present. 


la Granic//granoidic Separated complex fabric: mullgranic// 
muligranoidic; as with I above except 
mut] component more pronounced; normally 
absent. 


Ib Isobanded granoidic Mullgranoidic: regular 5-7mm spacing of 
joint planes results in the appearance of 
isobanded fabric; mull component is sim- 
ilar to, or slightly weaker in expression 
than zone I; common. 


Wil Weak banded granoidic// Separated complex fabric: mull-matrigran- 
porphyroskelic oidic units coalesce in areas to form 
zones of porphyroskelic material; banding 
is discontinuous and rather weak; insepic 
plasma fabric masked by weak expression 
of mull component; gradually grades into 
III; normally absent. 


Meal 3 Porphyroskelic Insepic porphyroskelic: plasma fabric is 
weakly masked by the inclusion of highly 
humified organic matter; vughy; common. 


IVa Porphyroskelic Skel-mosepic porphyroskelic: in some in- 
stances strongly striated zones occur 
resulting in a futher sub-dominant 
masepic plasmic fabric; vughy with numer- 
ous skew planes; common. 


IVb Porphyroskelic Skel-masepic porphyroskelic: similar to 
: IVa except domains are more strongly 
striated; mosepic plasma separations oc- 
casionally sub-dominant; vughy; numerous 
craze planes with units partially accom- 
modated; normally absent. 


Vie Porphyroskelic Skel-mosepic porphyroskelic: very similar 
to IVa except for the presence of highly 
humified organic matter imbedded in the 
s-matrix; normally absent. 


For zone sequences see figure 11. 
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only in profile 3. Micromorphologically, this material is more isotropic 
and slightly denser than the overlying zone I. Zone Ib of profiles 2 
and 3 exhibits a mullgranoidic fabric which is similar in nature to 
zone |. Regular 5 to 7 mm spacing of joint planes suggest this layer 
was at one time cultivated. Successive cultivations could be responsible 
for the isoband appearance of zone Ib. Pawluk and Dudas (1982) 
report a banded fabric separated by horizontal joint planes in the once 
cultivated Ap of Chernozemic soil. 

Zone I! was found only in profile 3. Banded fabric and weak 
expression of plasma fabric in this zone suggest it is eluvial in nature. 
Similar descriptions for Ae horizons were reported by McMillan and 
Mitchell (1953) in various soils of Saskatchewan. 

Zone Ill, observed in profiles 1 and 3, appears to represent a 
transitional AB horizon. Soil fabric is porphyroskelic with weak insepic 
plasmic fabric somewhat masked by weak humification of this zone. 

B horizon material is represented by zone IV. Numerous skew, 
joint and/or craze planes were observed. Desiqnation of zones as 
IVa,b,c, is based on plasma fabric orientation and the apparent dearee 
of highly humified organic matter within the s-matrix. Zones IVa and 
IVc are similar in that plasma fabric is dominantly skel-mosepic, yet 
they differ in the amount of humic material within the s-matrix; 


humified organic matter is much more pronounced in zone IVc relative to 


zone IVa. Zone IVb is dominated by skel-mosepic plasma separations. 
Zone IV was observed in profiles 1, 3 and 4. Skel-mosepic 
porphyroskelic material (IVa) is present in profiles 1 and 3. This 


fabric is not pronounced in that portion adjacent to overlying zones. 


That is, plasma tends to become more concentrated and pronounced with 
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depth. Plasma concentration may reflect iNuviation within this zone, 
yet only weak expression in the uppermost portion suagests clay 
removal from the upper B horizon is occurring. More pronounced 
plasma concentrations in zone IVb of profile 4 relative to profiles 1 and 
3, suggest illuviation is intense and solodization has not proceeded to 
an advanced stage. Zone IVc, which was observed only in profile 4, 
has highly humified organic matter imbedded in the s-matrix. Both 
areas are located adjacent to vertical skew planes such that the 
humified material is probably the result of sodium humate translocation. 

Zone sequences and implied horizon sequences do not conform well 
to those observed morphologically, even though samplina distance was 
within 2 metres. Agreement is found only with profile 3, which 
morphologically and micromorphologically exhibits characteristics of a 
Black Solod. Morphological characteristics of profile 4, which indicate 
the Btnj has strongly expressed Solonetzic features, are Supported by 
the high plasma concentrations of zone IVb which were observed 
micromorphologically. 

Micromorphological descriptions and zone sequences for the deep 
plowed soils at site 1 are given in Table 30 and Figure 12, 
respectively. For the most part zones observed are similar in nature to 
those observed in the conventionally tilled soils. Exceptions include a 
radical alteration in distribution of various materials with depth and the 
presence of anthropogenic material. Zones A and A1 represent this 
anthropogenic material which consists of an admixture of various 
materials in varying quantity. 


Zone A represents a mixture of A and B horizon material (matri- 
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Table 30. General 


deep plowed soils at site 


Zone 


Rabinic 


micromorphological 


descriptions for zones occurring in the 


Description and Remarks 


Ce ee 


A 


Al 


IVa 


IVb 


IVS 


Porphyroskelic- 
granoidic 


Granoidic// 
porphyroskelic 


Granic//granoidic 


Porphyroskelic 


Porphyroskelic 


Porphyroskelic 


Porphyroskelic 


Mixed complex fabric: matri-mullgranoidic 
; skel-mosepic porphyroskelic; proportion 
of either fabric type is highly variable, 
depending somewhat on packing density; 
plasma separations given are generally 
found in intimate association with the 
mullgranoidic fabric; masking of plasmic 
fabric by organic matter is weak to mod- 
erate; masepic plasma separations are oc- 
casionally sub-dominant; common partially 
decomposed plant residues; always 
present. 


Separated complex fabric: mulji-matrigran- 
oidic//skel-mosepic porphyroskelic; 
similar to fabric A but porphyroskelic 
material dominates and zones tend to be 
separated rather than mixed, although 
mixed zones are also present; mull com- 
ponent is weaker than in A; vughy; few 
skew planes and partially decomposed 
plant residues; common. 


Separated complex fabric: mullgranic// 
mulloranoidic; units are of variable size 
and shape and degree of coalescence 
governs fabric type; common partially 
decomposed plant residues; appears to be 
identical to zone I in the conventionally 
tilled soils except the degree of packing 
of mullgranic units is independant of 
depth; always present but proportion and 
depth of occurrence relative to other 
fabrics is highly variable. 


Insepic porphyroskelic: plasma separations 
normally masked by moderate inclusions of 
humified organic matter; normally absent. 


Skel-mosepic porphyroskelic: see 
conventional tillage, zone IVa (table 29). 


Skel-masepic porphyroskelic: see 
conventional tillage, zone IVb (table 29). 


Skel-mosepic porphyroskelic: see 
conventional tillage, zone IVc (table 29). 


For zone sequences see figure 12. 
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mullgranoidic) within which larger B horizon units are found 
(skel-mosepic porphyroskelic). The former represents granic units 
composed of mull and matrix material which occur in _ intimate 
association, while the latter is composed of small porphyroskelic units 
interspersed within the dominantly granoidic fabric. Zone Al, observed 
in profiles 2 and 4, differs from zone A in that minimal mixing of 
matri-mullqranoidic material and porphyroskelic material has occurred. 
The two fabrics occur as separable entities with a gradual boundary 
distinguishing the two separated fabrics. Unlike material in zone A, 
that found within zone Al appears to have originated predominantly 
from non-Ap (or Ah) material. Plates 1 and 2 indicate the appearance 
of the mixed fabrics of the anthropogenic material. 

It should be noted that Ap material (zone |) is not found at the 
immediate soil surface. Rather, it is found lower in the deep plowed 
profiles (profiles 1-3) and is virtually absent in profile 4. It therefore 
appears the action of the 3-layer topsoil saving plow is such that B 
horizon material is incorporated with A horizon material and these two 
materials, upon subsequent tillage, are mixed to form a_=more 
homogeneous soil mixture. Discrete areas of uniform material (zones i, 
Ill, IVa,b,c) remain, however, perhaps due in part to both stability 
and limited cultivation depth. 

Zone sequences in the conventionally tilled soils at site 2 (Table 31 
and = Figdre 13) “are similar Store those» of site 1” Sampling depth, 
however, was insufficient to observe the nature of B horizon material. 

Zone | consists of mullgranic material exhibiting a variable degree 
of fusion to form a dominant mullgranoidic fabric. This zone 


corresponds to Ap material. Zone la, observed in profile 2, exhibits a 
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B) Zone A, Figure 12c, 3.0 cm depth; partially crossed nicols; x 16. 
Plate 1. Micrographs of anthropogenic material resulting from deep 
plowing. 


oe 
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B) Contact between zones IYb and I, Figure 12c, 20.0 cm depth; 
partially crossed nicols; x 10. 
Plate 2. Micrographs of fabric mixing resulting from deep plowing 
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Table 31. General micromorphological descriptions for zones occurring in the 
conventionally tilled soil profiles at site 2. 

Zone Rabriic Description and Remarks 

I Granic//granoidic Separated complex fabric: mullgranic 


units of irregular size and shape coa- 
lesce to form mullgranoidic fabric; 
nulignanic fables is eceasi onal domain 
ant; minor inclusions of insepic porphy- 
roskelic material may be present; comnon 
to abundant partially decompose plant 
tissue; highly porous, with apoarent 
porosity decreasing with depth; normally 
gradually grades into zone III; always 
presence 


Ia Granoidic Mixed complex fabric: matri-mullgranoidic 
; very similar to I except for lower 
organic matter; dense packing in some 
areas approach a porphyroskelic fabric; 
normally absent. 


MC if Weak banded granoidic// Separated complex intergrade: weakly 
porphyroskelic banded matri-mullgranoidic//insepic porp- 
hyroskelic; organic matter slightly lower 
than dm Las occasional joint planes wit 
units partially accommodated; common un- 
decomposed plant residues; normally 
absent. 


1g Ae Porphyroskelic Insepic porphyroskelic: common inclusions 
of highly humified organic matter 
imbedded in s-matrix, decreasing with 
depth; vughy; common skew planes; common 
partially decomposed plant tissue. 


ne Porphyroskelic Insepic porphyroskelic: similar to III 
except presence of organic matter is 
minimal; weak skelsepic plasma fabric 
occasionally present in lower portion of 
zone; normally absent (perhaps due to 
limiting depth of thin sections). 


For zone sequences see figure 13. 
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higher degree of coalescence of granic units, those of which are lower 
in apparent organic matter content than in the overlying zone |. This 
zone appears to exhibit weak eluvial features and therefore may 
correspond to a weakly humified and weakly eluviated Ahe horizon. 

A distinct eluvial zone (I!) is observed only in profile 2. This 
zone consists of insepic prophyroskelic material which is separated by 
horizontal joint planes to produce a banded fabric. Weak inclusions of 
organic matter are present which suggests this zone is undergoing 
gradual humification. 

An apparent AB horizon is present in all four profiles and this 
horizon represents the lower boundary of micromorphological 
observation. Zone Ill is characterized by insepic porphyroskelic 
material. Moderate inclusions of humified organic matter, which 
gradually decrease with depth, suggest this zone is undergoing gradual 
humification. Zone Illa underlies zone III in profile 3 and is similar to 
zone III although organic metter inclusions are weak. In the lower 
portion of this zone a weak skelsepic plasma fabric appears. This area 
may reflect the current zone of intense solodization if it corresponds to 
the upper Bnt horizon. | 

Again, micromorphological zone sequences do not conform well with 
morphological descriptions; Profile 2, however, is similar in both 
respects assuming zone III represents the upper Bnt horizon. fe tS 
possible the Bm horizon of profile 1 corresponds to zone III.  Pawluk 
and Dudas (1982) report the Bmu horizon of a turbated Black 
Chernozem is dominated by insepic plasma fabric. 

Deep plowed soils exhibit erratic distribution of materials with 


depth (Figure 14). Zones |, III and Ila (Table 32) are similar in 
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Table 32. 


General micromorphological 


deep plowed soils at site 2. 


zone 


At 


Tita 


IV 


IVa 


For zone 


Rabienie 


Porphyroskelic/ 
granoidic 


Granoidic// 
porphyroskelic 


Granic//granoidic 


Porphyroskelic 


Porphyroskelic 


Porphyroskelic 


Porphyroskelic 


sequences see figure 14. 
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descriptions for zones occurring in the 


Description and Remarks 


Separated complex fabric: sharp boundary 
between porphyroskelic material of 
variable plasma fabric and mullgranoidic 
material; variable amount of matrix 
material interspersed within mul lgran- 
oidic fabric; hNighly porous; common 
partially decomposed plant tissue; 
normally absent. 


Separated and mixed complex fabric; 
matri-mullgranoidic//insepic porphyros- 
kelic; similar to zone A except for pro- 
portion of fabric type; porous, normally 
present. 


Separated complex fabric: mullgranic// 
mullgranoidic: similar to zone I of 
conventionally tilled soils; variable amount 
of matrix material interspersed within 
mullgranic material; normally present. 


Insepic porphyroskelic: see zone III in 
conventionally tilled soils (table 31); 
always present. 


Insepic porphyroskelic: see zone IIla in 
conventionally tilled soils (table 31); 
normally absent. 


Mosepic porphyroskelic: moderate 
inclusions of highly humified organic 
matter; vughy; normally present. 


Skel-ma-mosepic porphyroskelic: vughy; 
normally present. 


‘ 


an) | 
nts 9? ye Mot Bere or eas agr ies inne etie lee oe a 


a 


eereret Pie cal bet eaneT 


aaa -e= 


prerue qrede (01vas? eatgpes Uetewne? ‘al Haier ante 
famed Od 


fa 16) elem eden tyes 
<ithicuawet ie pee ot MiaY areal a aetna 


6 apie Se Pruapee @) Gal Wo .tai sore 
ann! tae mes be Bae See 7. Wea ; 
—ang> Sura Vi Ae ieiaee CIS 
@ae** 27ata © ai tm? as 
ae - 
sQ69ae? 20) Gap Bert og bet et oo our th 
ay tae Si gees 1 \Cinbor ay btm 2 e@oSayoo 
omy 14) wepces § os ct. aiions iat lee oe 
odd agevase quel raged ot MARY Ub coed H4p = 
(FO 
00) care ‘ys 4a + 


ee a ae a 
o» 7 ooey oF velivie (s49teo-gl:e —_— 
trwcee ef ap) Ge- al 10> “Pater? ot sgrtes come 
Cigale omer verde \a i? (ms Gaye 269908 To : 
‘eeeerh (i ivetee teres al eel’ 


ap 219 www @9e. ae teers 2°’ roe) fe he 32th 


L\e et=aq@et ac tad oarlid yay 
=f ac q quer ; 


ah ashi are eee ot —— tre oh Gai 1: eas ery *te® ok) 
4) gres>? at mp tee i Wii aasi 1220°% 7 
(in Yipee 4 - 
oe wine 8) berégeyneses oneee® set edee oye? ¥i 


ela vertiat ane ow itl @ 
‘pew oh a@ tan (4 tele 9 BOTeee 


yom @iedecortance Geter & or Plemoyemety ally 
Opies «? 'acswary 
perenne ————_ ana SS =a = 
PP a) e 


hi ough am genteames Bret 


ioe 


106 


“AL PALJOadSaUu ‘p 
pue 3 *eR Saunbly Aq paquasaudau aue bp pue € *| S8ltjoug °2Z 921s 
Fe S[LOS pamo|d daap ayy uL P9AMBSqO SauoZ [PILbOLOYduowoudLW ‘pL ounbly 


p Ss e 
Le le Le 
Oe Gis LV 
BL SL SL 
hi CS 
rl a7 2 I 
: : ol 
9 9 9 
Vv 
Y € € e 
Al 
O O O 
wo ws ur 


oft4 pe q{omee a° © BOG 


7 rea 4 ie cenLeres 
nis? OGRA iw fs ngs) tlonbe 26418 8C 


- phen 10) 4° 


@? «ertecejass?* 
zi? 3 
,jene fq miCicereepe[esier, 


S. 


‘7 . 


107 


composition to those observed in the conventionally tilled soils. Zones 
A and Al reflect anthropogenic material derived from two or more 
genetic materials. Zone A consists of a porphyroskelic material of 
variable plasma composition interspersed within mullgranoidic material. 
The boundary between the two fabrics is sharp. This zone, overall, is 
highly porous (Table 32). In zone A1 the proportion of the two fabric 
types is reversed; matri-mullaranoidic fabric is subdominant to insepic 
porphyroskelic fabric. In addition, the boundary between the two 
fabrics is not as pronounced. 

Apparent B horizon material (zones IV and 1Va) is present in 
profiles 3 and 4. Both zones have dominant mosepic plasma separations 
with zone IVa exhibiting subdominant skelsepic and masepic plasma 
separations. Morphologically (Table 25) it appears this fabric is 
derived from Btnj horizons. 

Micromorphological descriptions and zone sequences for _ the 
conventionally tilled soils at site 3 are given in Table 33 and Figure 18, 
respectively. In all instances zone |! is observed which consists of 
mullgranic units partially fused to form mullgranoidic fabric. Within 
this zone partially decomposed plant residues are abundant. 

Zones Illa and II!b exhibit weak insepic plasma separations. Zone 
Illb differs from zone Illa in having a greater concentration of humified 
organic matter in the s-matrix. Zone IIIb is only present in profile 4 
and forms the boundary adjacent to a relatively large vertical skew 
plane which appears to demarcate adjacent columnar peds. 

Zones IV, |Va and !Vb are all porphyroskelic but exhibit variable 
plasma separations. Zone IV of profiles 2 and 4 exhibits a mo-skelsepic 


plasma. fabric. lt Is interesting, to mote: “zone IV in profile 2 1s 
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Table 33. General micromorphclogical descriptions for zones occurring in the 


conventionally tilled soil profiles at site 3. 
zone Babmice Description and Remarks 
I Granic//granoidic Separated complex fabric: mullgranic// 


mullgranoidic; fine mullgranic units of 
irregular shape coalesce in areas to form 
zones of mullgranoidic fabric; abundant 
undecomposed and partially decomposed 
plant fragments; few skew planes; occas- 
ional phenoclasts; highly porous; always 
present. 


IIla Porphyroskelic Weak insepic porphyroskelic: plasma 
fabric weakly masked by inclusions of 
highly humified organic matter; vughy; 
normally absent. 


i Ji AES) Porphyroskelic Insepic porphyroskelic: similar to III 
except plasma fabric is strongly masked 
by humified organic matter imbedded in 
the s-matnix: this 1s a dense area wadeh 
is adjacent to a large, vertical craze 
plane; normally absent. 


IV Porphyroskelic Mo-skelsepic porphyroskelic: proportion 
of mosepic to skelsepic plasma fabric 1s 
variable and either may be dominant ina 
given thin section; minor insepic and/or 
masepic plasma fabrics occasionally occur 

vughy; few craze planes with units 
partially accommodated, gradually 
decreasing with depth; normally present. 


IVa Porphyroskelic Mosepic porphyroskelic: minor masepic and 
; skelsepic components may also be present; 

plasma fabric somewhat masked by highly 
humified organic matter; vughy; common 
skew planes and craze planes with units 
frequently partially accommodated; walls 
of vertical craze planes occasionally 
lined with mullgranoidic material; 
normally present. 


IVb Porphyroskelic Skel-insepic porphyroskelic: vughy:; few 
craze planes with units partially 
accommodated; where present, gradually 
grades into zone IV; normally absent. 


For zone sequences see figure 15. 
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separated by a thin band of zone |. This suagests cultivation has been 
sufficiently deep to incorporate some B horizon material within the Ap. 

Underlying zone IV in profile 2 is zone IVa, which exhibits less 
pronounced plasma separations (mosepic). Zone !Vb directly overlies 
zone !V in profile 4. The skel-insepic plasma fabric (zone IVb) 
observed here may reflect some degree of degradation of an upper Bnt 
horizon, 

An anomaly observed at this site is the presence of insepic 
porphyroskelic material (Illa) underlying mosepic porphyroskelic 
material (IVa) at shallow depth (profile 1). Thus far porphyroskelic 
material with relatively weakly expressed plasma separations has been 
associated with solodized material and as such has overlain material with 
more pronounced plasma concentrations. It appears that conventional 


tillage may have redistributed genetic horizons in a manner similar to 


that? of ~orefile 2. This would also explain the rather’ erratic 
distribution of zone Illa above zone IVa, in otherwise Ap (zone 1) 
material. 


With the exception of profile 1, micromorphological sequences agree 
with morphological observations. That is, Ap material (zone I) directly 
overlies Bnt material (zone IV or IVb), with eluvial or transitional 
horizons generally absent. 

Descriptions and zone sequences for the deep plowed soils are 
given in Table 34 and Figure 16. Again, a dramatic redistribution of 
genetic materials is indicated in Figure 16. Zone types inclusive of 
zones |, IV and IVb are similar to those described for the 
conventionally tilled soils. Zones A and A1 are anthropogenic in origin 


and consist of separate areas of mullgranoidic and _ mo-skelsepic 
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Table 34. General micromorphological descriptions for zones occurring in the 
deep plowed soils at site 3. 


Zone Fabrice Description and Remarks 
A Granoidic/ Separated complex fabric: mullgranoidic/ 
porphyroskelic mo-skelsepic porphyroskelic; insepic or 


masepic plasma fabrics may also occur in 
some areas; higher density and some 

MixXi noon the two fabrics Wswofiten assoc— 
jated with the surface 5-10mm, which in 
some instances could be considered a 
CRuUSst fiomly WOPRous si partieulatr ly Mitte tne 
uppermost 50mm; occasional skew planes; 
abundant decomposed and partially 
decomposed plant tissue; always present. 


Ad Porphyroskelic/ Separated complex fabric: very similar 
granoidic to A except the relative dominance of the 
two fabrics is reversed; generally less 
porous than A; normally absent. 


I Granoidic Mullgranoidic: very similar to I in the 
conventionally tilled soils except the degree 
of coalescence between mullgranic units 
iS more pronounced and this zone is not 
associated with the soil surface; occas- 
ional inclusions of porphyroskelic 
material with variable plasma separations 
; always present. 


IV Porphyroskelic Mo-skelsepic porphyroskelic: as with zone 
IV in the conventionally tilled soils; 
this aavbiCmuy pe LOCCUPS Mas malscas 
interspersed within zones A, A1 or I; 
normally present. 


IVb Porphyroskelic Skel-insepic porphyroskelic: as with zone 
IVb in the conventionally tilled soils; 
also interspersed within zones A, A1 
and I; always present. 


For zone sequences see figure 16. 
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porphyroskelic fabrics. Differentiation of zones A and A1 is based on 
the proportion of the two observed constituent fabrics: porphyroskelic 
material is dominant to mullgranoidic material in zone A while the 
yevensenisetruc worezone Al. 

One fundamental difference exists between those soils described 
thus far and those at site 4. Surface horizons of the conventionally 
tilled soils (Table 35 and Figure 17) are coarse textured and are 
characterized by mullqranoidic iunctic porphyric intergrades. Here, 
zone | consists of coarse ortho-f-members (sand grains) between which 
mullgranoidic material forms bridges. Porphyric intergrades result 
when packing of units becomes pronounced. This Styoe “or fabric 
reflects relatively intense degradation, either through genetic processes 
or cultural practices. The relatively coarse nature of the parent 
material (Table 27) would undoubtedly enhance both, 

Underlying this zone is either of zones la or Ib, but more 
commonly the latter. Zone Ib exhibits a weaker expression of the mull 
component and is occasionally dissected by skew planes, but is 
otherwise similar to zone I. It probably represents a weakly eluvial 
horizon relative to zone |, although the entire A horizon appears to be 
strongly eluviated (see also Chapter 5). Zone Ib is present in all 
profiles. Zone la is present only in profile 2. The mull component of 
the mullgrarnoidic material is more pronounced in this zone relative to 
zone | which may reflect either an undisturbed Ah horizon or an Ap 
horizon which has not been cultivated recently. 

Zone II is an eluvial horizon characterized by weak, discontinuous 
banding. It is present only in profile 4. Some humification of zone II 


appears to have occurred. 
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Table 35. General micromorphological 


114 


descriptions for zones occurring in the 


CSOnVen GlOnal hyata ilead Son prOrilesmatsiter4. 
Zone Fabric Description and Remarks 
Li Cleeigenkenie WelaKene ie Mullgranoidic iunctic: fine mullgranoidic 


la Granoidic iunctic 

Ib Granoidic iunctic 

II Weak banded granoidic 
Wh aves 1S 

iene as Porphyroskelic 

IV Porphyroskelic 


For zone sequences see figure 17. 


units of irregular size and shape form 
bridges between large ortho-f-members; in 
some zones dense packing of mullgranoidic 
units approach a porphyric fabric to give 
zones of iunctic porphyric intergrades; 
numerous packing voids; common partially 
decomposed plant fragments; always 
present. 


Mullgranoidic iunctic: as with I, except 
higher organic matter and generally a 
slightly greater packing density, 
resulting in a greater proportion of 
junctic porphyric intergrades; normally 
absent. 


Mullgranoidic iunctic: mull component 
less pronounced than in I; occasional 
skew planes which are frequently lined 


with material from I or Ia; plant 
residues less common; always present. 


Weak banded mullgranoidic iunctic: very 

similar to Ia, except for the presence of 
weak, discontinuous banding; normally 
absent. 


Insepic porphyroskelic: plasma fabric 
weakly expressed between coarse ortho-f- 
members; occasional weak masking of 
insepic plasma fabric by organic matter; 
occasional skew planes and partially 
decomposed plant tissue; gradually grades 
into IV; normally present. 


Mo-skelsepic porphyroskelic: proportion 
of mosepic to skelsepic plasma fabric is 
somewhat variable; in some zones masepic 
or vosepic plasma is present, although 
not as the dominant fabric; vughy; skew 
planes common with units partially accom- 
modated; few partially decomposed plant 
fragments; always present. 
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Insepic porphyroskelic fabric (zone III!) underlies zone Ib in 
profile 3. and zone Ill in profile 4. Weak expression of plasma 
separations between coarse ortho-f-members, combined with weak 
humification of this zone suggest it is a transitional horizon. 

Porphyroskelic B horizon material is present in all profiles. It is 
somewhat variable in plasma composition but tends to be dominated by 
mo-skelsepic. Skew planes are common. with units partially 
accommodated. 

Results of observations on deep plowed soils are given in Table 36 
and Figure 18. Zones | and IV are similar in composition to those in 


the conventionally tilled soils but differ in their distribution with 


depth. Zone A, as in other deep plowed soils, is anthropogenic in 
origin: Here it consists of matri-mullgranoidic units interspersed 
between ortho-framework members. Plasma fabric of the matrigranoidic 


units tends to be mo-skelsepic in nature. Zone C, present as a crust 
in profiles 2, 3 and 4 is similar to zone A except that packing is much 
more pronounced such that iunctic porphyric intergrades are more 
common. Additionally; there appears to be a gradation towards finer 
ortho-f-members with depth through zone C. ThHis> may, wretlect 
redistribution of the ortho-f-members upon raindrop impact. 

Zone IVa, which was not observed in the conventionally tilled 
Soils.) 1S found im pronies I, 3 and 4. Stronger plesma concentrations, 
indicated by skel-masepic plasma separations, suggest this zone is 
iltuvial in nature. It is likely this zone is derived from a lower portion 
of the Bnt horizon, below the depth observed in the conventionally 
tilled soils. 


Micromorphological descriptions for zones observed in the 
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Table 36. General micromorphological descriptions for zones occurring in the 
deep plowed soils at site 4. 


Zone Fabric Description and Remarks 
Cc Granoidic iunctic Mixed complex fabric: matri-mullgranoidic 
porphyroskelic units are packed between coarse ortho-f- 


members in varying degrees to form the 
two fabric end members and intergrades; 
weak masking of skel-insepic plasma 
fabric by organic matter; ma-skelsepic 
plasma separations occasionally observed 
in ties center depth on the ceusit. propor 
tion of fine ortho-f-members generally 
increases with depth; normally present. 


A Granoidic iunctic Matri-mullgranoidic units of irregular 
size and shape form bridges between large 
ortho-f-members; dense packing in some 
areas results in zones of iunctic porph- 
yric intergrades; plasma is variable in 
composition but generally is mo-skelsepic 
which is weakly masked by organic matter; 
occasional undecomposed or partially 
decomposed plant tissue; always present. 


I Granoidic jiunctic Mullgranoidic iunctic: as with A above 
except mull component much more pronoun- 
ced and no visible plasma separations; 
always presest. 


IV Porphyroskelic Vughy mo-skelsepic porphyroskelic: skew 
i planes common with units frequently par- 
tially accommodated; normally present. 


IVa Porphyroskelic Vughy skel-masepic or ma-skelsepic 
porphyroskelic; skew planes common with 
units frequently partially accommodated; 
normally present. 


For zone sequences see figure 18. 
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conventionally tilled soils at site 5 are given in Table 37. and 
corresponding zone’ sequences are given in Figure 19. Zone 
represents the norm for the cultivated Ap and generally exhibits the 
mullgranic//mullgranoidic sequence although densely packed areas 
grading to porphyric are occasionally present. Separated 
mullgranoidic//insepic porphyroskelic fabric (zone la) was observed in 
profile 1. This zone may comprise cultivated material from former Ae 
and/or AB horizons mixed within the current Ap horizon. 

Zone Ill of profiles 1 and 3 consists of porphyroskelic fabric 
exhibiting skel-insepic plasma separations with moderate inclusions of 
humified organic matter. This zone probably reflects the upper, 
partially solodized surface of the Bnt horizon. 

Two types of Bnt horizon material are noted. Both are 
porphyroskelic in fabric type (zones IV and IVa) and are dominartly 
skel-mosepic in plasmic fabric. The difference is that masepic plasma 
separations are significant, though subdominant in zone IVa. Both 
zones are suggestive of illuviation, zone |1Va perhaps more so. 

Descriptions and sequences for deep plowed soils at site 5 are 
given in Table 38 and Figure 20, respectively. Unlike deep plowed 
soils of previous sites no unaltered Ap material was found within 
sampling depth. The surface is comprised of anthropogenic (A or A1) 
material of a mixed complex nature. The proportion of mullgranoidic to 
porphyroskelic fabric distinguishes between zones A and A1 (Table 38). 
In both instances the boundary between the two fabric types is sharp. 

Material derived from the B horizon occurs in discrete, small areas 
(profiles 2 and 3) or as the dominant material in large areas 
(profile 4). Plasma fabrics are similar to those observed in the 


conventionally tilled soils. 
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Table 37. General micromorphological descriptions for zones occurring in the 


conventionally tilled soil profiles at site 5. 
Zone Fabmie Description and Remarks 
I Granic//granoidic Separated complex fabric: mullgranic 


units of variable size and shape coalesce 
to form zones of mullgranoidic fabric; 
proportion of granoidic fabric increases 
with depth, and in some instances appro- 
aches a porphyroskelic fabric; common 
partially decomposed plant residues; oc- 


casional inclusions of porphyroskelic 
material; porous; always present. 
Ia Granoidic// Separated complex fabric: mullgranoidic// 
porphyroskelic insepic porphyroskelic: common partially 


decomposed plant residues; fairly porous; 
normally absent. 


iit Porphyroskelic Skel-insepic porphyroskelic: moderate 
inclusions of humified organic matter 
imbedded in s-matrix; normally present. 


IV Porphyroskelic Skel-mosepic porphyroskelic: moderate 
amounts of humified organic matter within 
the s-matrix; normally present, but 
amount may not Warrant specific zonation. 


IVa Porphyroskelic Ma-skel-mosepic porphyroskelic: minor vo- 
sepic plasma separations also occur in 
areas; humic material imbedded in 


s-matrix; plasma becomes Jess concent- 
trated with depth; vughy; numerous skew 
planes, occasionally containing roots; 
normally present. 


For zone sequences see figure 19. 
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Table 38. 


General micromorphological 


deep plowed soils at site 5. 


zone 


Fabre 


Al 


IV 


IVa 


For zone 


Granoidic/ 
porphyroskelic 


Porphyroskelic/ 
granoidic 


Porphyroskelic 


Porphyroskelic 


sequences see figure 20. 


desemiPelons fOm Zones OCCcUunPMing, im) tne 


Description and Remarks 


Separated complex fabric: mullgranoidic 
fabric interspersed within areas of por- 
phyroskelic material; the latter 
generally characterized by skel-mosepic 
plasma separations but areas of insepic 
plasma fabric also occur; generally 
porous; common partially decomposed 
plant tissue; always present. 


Separated complex fabric: identical to 
zone A with the exception of fabric 
proportions; normally absent. 


Skel-mosepic porphyroskelic: see zone IV, 
conventional tillage (table 37); 
occasional plant fragments found in skew 
planes; normally absent. 


Ma-skel-mosepic porphyroskelic: see zone 
IVa, conventional tillage (table 37); 
normally present. 
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4.4.3.2 Image Analysis 

In many instances micromorphological observations revealed clearly 
distinct areas of different qenetic materials. Density slicing was 
performed to determine the extent of various materials within a aqiven 
thin section, expressed “as a percent of total thin section area. 
Emphasis was placed on distinguishing A horizon material (mullgranoidic 
or mullgranoidic iunctic fabrics) from B horizon material (porphyroskelic 
fabric) particularly in the deep plowed soils. Results are given in 
Table 39 and should be viewed with reference to Figures 11 to 20, as 
indicated in Table 39. Plate 3 illustrates the enhanced images of a 
conventionally tilled and deep plowed soil at site 1. 

In all instances the surface 75 mm of the conventionally tilled soils 
consists entirely of A horizon material, whereas that of the deep plowed 
soils consists of an admixture of various anthropogenic materials. Deep 
plowing hes a variable effect on material within the 75 to 150 mm depth. 
In some instances (sites 1 and 2) the proportion of strictly B horizon 
material has increased, while in others (sites 3 and 4) it has decreased. 
If, however, the amount of B horizon material contained within the 
anthropogenic zones is considered, deep plowing overall increases the 
amount of non-A horizon material at depths of 75 to 150 mm. In most 
instances the amount of A horizon material found at depths of 150 to 
225 mm is increased by deep plowing (sites 2, 3 and 4). The only 
exception is where the initial A horizon occurs within this depth 
(site 1). 

It should be noted that values in Table 39 are by no means exact. 
Overlap in "apparent" density between obviously different materials was 


encountered in most thin sections. Three factors contribute to the 
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observed overlap; real density, colour and thin section thickness. Real 
density and soil colour in various combinations often resulted in the 
same perceived density as determined by the image analysis technique 
used, This is particularly true of the soil sequences examined at site 5 
where differences between A and B horizon materials could be not 
resolved, Genetic materials low in real density but darker in colour 
(Ap) resulted in the same apparent density as materials higher in 
density but lighter in colour (Bnt). Thickness of thin sections modifies 
the result by altering both colour and density. Thinner areas of thin 
sections have lower densities and are lighter in colour. This 1s 
indicated in plate 3A, where the Bnt horizon exhibits the same 


colouration (perceived density) as the larger skew plane interstices. 


4.5 Summary 

Morphological and micromorphological features of deep plowed and 
conventionally tilled soils were examined. The bulk of the soils 
examined were Solonetzic, according the the guidelines outlined by the 
Canada Soil Survey Committee (1978). Only at sites 1 and 2 where 
relief is hummocky were Chernozemic soils encountered. Those 
Solonetzic soils observed exhibited moderate to strong columnar 
structures in the B horizon and in most instances exhibited a blocky 
mesostructure. The blocky mesostructure is an indication some degree 
of solodization has occurred in these soils. Intact eluvial horizons were 
observed in some soils at sites 1 to 4, however, none were observed at 
site 5. Differences in other features (discussed in Chapter 5) suqgest 
eluvation/illuviation has occurred in Solonetzic soils lacking an Ae 


horizon. It is, therefore, postulated the Ae horizon has, in most 
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instances, been destroyed by cultivation and those soils lacking an Ae 
horizon are in an intermediate stage of evolution (Solodized Solonetz) as 
opposed to an early stage of evolution (Solonetz). 

The surface horizon (Ap) in the conventionally tilled soils was 
dominated by the gqranic fabric sequence which is dominantly mull in 
composition. Similar descriptions are given by Pawluk and Dudas 
(1332)) tor them Apuahorizon, .of va. (Chernozemics soil. At ecsi\tGant 


mullgranoidic iunctic fabric was observed in the conventionally tilled Ap 


horizons. This fabric is indicative of relatively severe degradation of 
the surface, It may reflect soil management, genetic processes, an 
intially coarse parent material or a combination of all three. Smectite 


redistribution (Chapter 5) suggests intense eluviation. 

Banded fabrics were observed in certain profiles at sites 1, 2 
and 4, Where: observed, banded fabrics were generally, though not 
always, underlain by insepic porphyroskelic fabric. The latter appears 
to be associated with transitional AB horizons and occasionally with the 
zone of weathering in the upper Bnt horizon. Humified organic matter 
was frequently encountered in the s-matrix of the  insepic 
porphyroskelic fabric. This may reflect sodium humate illuviation under 
previous, more alkaline conditions or gradual humification of this zone. 

Porphyroskelic fabric was observed in all B horizons examined. 
Plasma fabrics were variable but generally consisted of mosepic, 
skelsepic or masepic plasma separations in variable combinations. 
Brewer (1976) attributes skelsepic, vosepic and masepic plasmic fabrics 
to forces associated with wetting and drying of soil materials. Since 
wetting and drying is implicated in the formation of columnar structures 


in Solonetzic soils (Bowser, 1961) this is the likely origin of these 
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fabrics. The origin of insepic and mosepic fabrics is not as certain. 
They may, to some degree, be inherited from sedimentary rock material, 
with less intense shrink-swell cycles being responsible for development 
of mosepic plasmic fabric (Brewer, 1976). Insepic fabrics observed 
were typically associated with transitional AB horizons and apparent 
weathering zones in Bnt horizons such that their origin in the upper 
sola of Solonetzic soils may be partially eluvial in nature. Craze and 
skew planes were frequently observed in B horizons. Where adjacent 
peds were found to be partially accommodated reflects the blocky 
mesostructure observed morphologically. 

Deep plowing altered the distribution with depth of soil fabrics in 
addition to creating a unique soil fabric. Former Ap_ material 
(mullgranoidic or mullgranoidic iunctic sequences) was replaced by 
mixed complex mullgranoidic//porphyroskelic material to mimimum depths 
of 75 mm. These areas (designated A or A1) are largely confined to 
Shallower depths and therefore may owe their origin to subsequent post 
deep plowing tillage; larger porphyroskelic units have been broken 
down and mixed with former Ap material to form more_ intimately 
associated mixtures that appear fairly homogeneous when viewed 
macroscopically. Observed micromorphologically, this mixture can be 
separated into distinctly different modal fabrics. It should be noted 
this anthropogenic fabric is also found at depth such that it may also 
result from the mixing action of the deep plows. 

Relatively intact, larger areas of porphyroskelic fabric are found 
distributed throughout depth in all deep plowed soils examined. This 
material appears to be derived from AB or Bnt horizons, although 


material from lower depths cannot be ruled out due to the relatively 
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shallow depth of micromorphological investigations (225 mm). Chemical 
properties of deep plowed soils (Appendix A) suagest C_ horizon 
material was, in most instances, incorporated within the disturbed 
upper sola. 

At sites 1 to 4 original Ap material (mullgranoidic or similar fabric) 
is observed within sampling depth in all deep plowed profiles, but not 
at the immediate soil surface. Botov (1959) reports downward losses of 
Ap material are the result of an incorrect setting for the first layer 
plowshare of the 3-layer plow. Variable topsoil thickness and 
consistence of the B horizon causing uplift of the plow may also 
contribute to Ap losses. 

At site 5 mullgranoidic fabric is not observed in any of the deep 
plowed profiles. This supports the tillage action of the two types of 
plows used. The topsoil saving feature of the 3-layer plow, used at 
sites 1 to 4, is indicated by preservation of at least zones of unaltered 
Ap material while the more complete mixing action of the single-bottom 


plow (no intact zones of Ap material) is indicated at site 5. 
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Sele intrecuction 

Considerable research has been devoted to the study of changes in 
chemical and physical properties of Solonetzic soils through deep 
plowing. Although this is true, little emphasis has been placed on the 
effect of these various changes on the overall suitability of the soil as a 
medium for seed germination and seedling establishment. Furthermore, 
no attempt has been made to specifically measure and relate various 
chemical, physical and mineralogical properties of deep plowed seedbeds 
to crop establishment patterns. This chapter is devoted to analytical 
characterization of the seedbeds of conventionally tilled and deep plowed 
Solonetzic soils and the apparent relationships between the various 
properties measured. The relationships of these properties, where 
applicable, to crop establishment and growth patterns are discussed in 


Chapter 6. 


5.2 Literature Review - 
5.2.1 Effect of Deep Plowing on Chemical Properties 

The bulk of research on deep plowing of Solonetzic soils has 
focused on changes in soil chemical properties within plowing depth. 
Various changes in soluble, extractable and exchangeable ions are 
reported by several authors. A summary of these changes, specific to 


Ap horizons, follows. 
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M2. ool Solution Properties 

Numerous researchers have examined changes in_ soil solution 
properties resulting from deep plowing. The measured effect of deep 
plowing on a given constituent has generally been consistent. That is, 
the direction of change reported by one author is generally supported 
by another author. A summary of the relative changes of various soil 
solution properties is given in Table 40. 

According to these studies soil reaction (pH) is consistently 
increased by deep plowing (Alzubaidi and Webster, 1982; Ballantyne, 
1983: Bowser and Cairns, 1967; Cairns, 1962: Harker CU aie 17s 
Lavado and Cairns, 1980). Measured increases range from a low of 0.3 
pH units (Ballantyne, 1983) to a high of 2.8 pH units (Lavado and 
Cairns, 1980). Increased pH values are a direct result of incorporation 
of calcareous material and/or incorporation of alkaline material from the 
lower solum., Increased lime equivalent in deep plowed Ap horizons has 
been reported (Ballantyne, 1983; Lavado and Cairns, 1980), while other 
studies indicate alkaline B horizon material is incorporated within the 
Ap (Bowser and Cairns; 1967). 

Changes in total salt content following deep plowing have been 
variable (Table 40). In some instances electrical conductivity (EC) of 
the Ap has increased (Alzubaidi and Webster, 1982; Ballantyne, 1983; 
arker et ale; 19777 Sandoval et ali, 1972); in others it has decreased 
(Bowser and Cairns, 1967; Rasmussen etal 1972) while in still others 
no change has been reported. Significant “Increases: ase hign: as 
2.7 mS/cm “are reported (Harker. et al., 1977) while “significant 
decreases of 2.3 mS/cm are also reported (Bowser and Cairns, 1967). 


What factors have affected the direction of change of total soluble salts 
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are not specified. Net leaching, time, initial salt status and soil 
variability will all affect the measured direction and magnitude of salt 
fluxes. These factors would be reflected in the intensity of Solonetzic 
soil formation and the degree of solodization that has developed at the 
specific sites. 

Upon deep plowing saturation percent (SP) was found to increase 
by Cairns (1962) but no change is reported by Harker et al. (1977). 
Several factors may affect saturation percent, including clay quantity 
and quality, exchangeable Na and organic matter content. The 
increased SP reported by Cairns (1962) accompanies an increase in clay 
content. 

Soluble ea. in all instances, has increased in the Ap horizon 
upon deep plowing (Table 40). Ballantyne (1983) reports an increase 
of 13% in soluble Cae upon deep plowing Solonetzic soils in 
Saskatchewan. Bowser and Cairns (1967) report a significant increase 
Of 0314 me/100 Gof soluble Ca) upon deep plowing a Duagh Solonetz 
(BES). A similar increase of 7.1 me/L on the same soil series is 
reported by Harker et sal (1977). 

Results of soluble Na’ are less consistent than those for soluble 
Gane nabken ct sal Gho7/ Ee repent. a sianificant increase in soluble Na* 
from 21.2 to 48.9 me/L upon deep plowing. On the other hand, 
decreases are reported by Ballantyne (1983), Bowser and Cairns (1967) 
and Sandoval (1978). Respective changes are from 42 to 31% soluble 
Na’, isse to Oosceme Na’/100 g and approximately 8 to 5 me Na’/L. 
Although soluble Na" may increase, soluble Ca:Na ratios generally 
increase upon deep plowing. Alzubaidi and Webster (1982) and Harker 


et al. (1977) report increased Ca:Na ratios upon deep plowing. In the 
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former study a substantial increase in this ratio from 0.05 to 3.24 is 
reported while the latter reports a slight increase from 0.08 to 0.18. 
Incorporation of C horizon material high in Cant followed by at least 
moderate leaching should favour an increase in this ratio because of the 
ease with which Na’ is exchanged and leached relative to Cale. 

Little emphasis is placed on soluble Mg?* and K™ changes upon 
deep plowing, except as they may influence crop nutrition (Carter et 
ale, 1979). However, Harker et al= (1977) report am increase insoluble 
Wise Bowser and Cairns (1967) report a decrease and Ballantyre 
(1983) reports no change. Studies of Harker etal: (1977) and Bowser 
and Cairns (1967) indicate no change is observed in soluble K* levels. 

The SAR in all reported instances has decreased in the Ap horizon 
upon deep plowing. Reported reductions range from 13 (Alzubaidi and 
Webster, 1982) to 3 (Sandoval, 1978) with intermediate values also 


reponted (Sandoval etal), 19/2). 


5.2.1.2 Exchangeable/Extractable Analysis 

To a large extent changes observed in extractable or exchangeable 
cations follow those changes observed in the respective soluble 
constituents. A summary is given in Table 41. 

Bowser and Cairns (1967), Cairns (1962) and Lavado and Cairns 
(1980) all report significant increases in extractable or exchangeable 
Cal, Respective increases are 9.3 me/100 g_ (exchangeable), 
4.7 me/100 gq (extractable) and 7.76 to 14.16 me/100 g (extractable). 
Those increases reported by Bowser and Cairns (1967) and Cairns 


‘ Ve 
(1962) parallel increases observed in soluble Ca. 


4 
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decreased upon deep plowing. Bowser and Cairns (1967) report] 
significant reduction in exchangeable Na’ from oe2 er 142 mes 100g 
while Cairns (1962) reports a moderate reduction: ® from Set) Sto 
3.3 me/100°9 ‘extractable Na’. Contrary to these results, Lavado and 
Cairns (1980) found significant increases in extractable Na’ as high as 
3.68 me/100 g. 

Exchangeable sodium percentage (ESP) has in all. instances 
decreased in Ap horizons upon deep plowing (Table 41). A significant 
decrease@iirom’ 1127 to: 2.46 js reported by Alzubaidi and Webster (1982). 
Reductions in ESP from 21 to 1 (Pair and Lewis, 1960) and 12 to 5 
(Rasmussen etaaliy 1972) have also occurred. 

Extractable Ca:Na ratios have also been examined in Solonetzic 
soils. This ratio has not been found to change unidirectionally upon 
deep plowing. Bowser and Cairns (1967) report a significant increase 
in this ratio from 2.0 to 16.3, while other studies report a variety of 
changes with varying directions (Cairns, 1976a: Lavado and Cairns, 
1980). Plowing of low Cat, C horizon material appears to have little 
effect on this ratio (Lavado and Cairns.  1980)% TAs ratio his of 
interest in that a post deep plowing ratio of 4 or more appears 
necessary to maintain a sufficiently stable seedbed with adequate tilth 
tCalitins eat S76ale 

Extractable or exchangeable Mg?* and K’ have received less 
emphasis that Na’ or err Only in one instance have these values 
changed upon deep plowing; an increase in extractable Mg** is reported 
by Lavado and Cairns (1980). 

Cation exchange capacity was found to increase from 23 to 


27 me/100 qa upon deep plowing (Bowser and Cairns, 1967). No 
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explanation is given for this increase, although it is probably the result 
of an increase in clay content observed in the same study. 

It is interesting to note conflicting chemical results are reporcred 
by various authors who have deep plowed the same soil series. 
Changes in the Duagh soil series (BL.SZ) upon deep plowing are 
reported by several authors. Results of Bowser and Cairns (1967) 
generally agree with those of Cairns (1962) except for soluble Mg?*, 
Of particular note is the deviation in certain data of Harker elas 
(1977) relative to the other two studies. Significant increases in EC 
and soluble Na” are reported by Harker et al. whereas either no change 
or significant decreases are reported in the other two studies. Several 
factors were relatively uniform throughout the three studies, including 
the period between observations (6 or 7 years) and the methods of 
analysis. Differences do exist between the method of profile 
disruption, but this is not consistent between the opposing results. 
The discrepancy may result from differences due to the period and time 
of sampling, as influenced by seasonal or short term climatic LreEMcs, Of 
the inherent variability of Solonetzic soils. Total salt content and 
soluble Na’ tend to increase over the summer months in the Duagh 
Solonetz (Landsburg, 1981) such that the increase in these two 


properties reported by Harker et al. may reflect a July sampling date. 


9.2.1.3 Organic Matter Related Properties 

Deep plowing, whether performed with or without a plow with 
topsoil saving features, has a detrimental effect on soil organic matter 
content within Ap horizons (Table 41). Bowser and Cairns (1967) 


report significant reductions in carbon and_ nitrogen. contents: 
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respective changes were 3.43 to 1.892 and 0.29 to Osl7s. Similar vet 
smaller reductions, are reported by Ballantyne (1983) who found 
organic C to decrease from 1.25 to 0.963 and N to decrease from (0,13 
to 0.11% five years after deep plowing. Slightly larger reductions in C 
and N are reported in the year immediately following deep plowing 
(Ballantyne, 1983). 

Organic matter (OM) content itself is reduced upon deep plowing. 
Cairns (1962) indicates a slight drop in OM from 4.83 to 4.28% occurs in 
the Ap horizon. More pronounced decreases are reported by Lavado 
and Cairns (1980) where OM content was reduced from 36 to 522% of 
original levels. Data of Lavado and Cairns (1980) further suqgest the 
magnitude of this decrease is similar whether a topsoil saving plow or a 


single bottom plow is used, 


9.2.2 Effect of Deep Plowing on Physical Properties 

Table 42 summarizes literature available relating to changes in soil 
physical properties upon deep plowing Solonetzic soils. Results tend to 
be more consistent than those reported for soil chemical properties. 

Both total clay and fine clay increase in the Ap horizon upon deep 
plowing (Ballantyne, 1983: Bowser and Cairns, 1967 s.Cainnseaeioel: 
Lavado and Cairns, 1980; Rasmussen et al-, 1972). Tine mean reported 
change in total clay is 4.1%, with a range of -0.1% (lLavado and Cairns, 
1980) to 8.0% (Ballantyne, 1983). In both studies where fine clay is 
examined the reported increase is 7.02 (Ballantyne, 1983: Bowser and 
Cairns, 1967). 

Water stable aggregates have been found to increase in content 


upon deep plowing. Bowser and Cairns (1967) attribute a Significant 
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increase in water stable aggregates from 47 to 66% to upward 
redistribution of clay and downward redistribution of salts. 

Some variability is reported in changes in soil strength in the Ap 
horizon upon deep plowing. Sandoval St pal. 961972) feport.a, Slight 
reduction in breaking strength from 1.1 to 0.8 kg/cm? five years after 
deep plowing. Contrary to this are increases in breaking strength 
reported by Bowser and Cairns (1967) and Lavado and Cairns (1980). 
In the former study breaking Strength increased from 4 to 9 kg/em? 
while in the latter study significant increases as Dighivas 3523 kq/em? 
are reported. Slightly larger increases in breaking strength appear to 
occur with the use of a single moldboard plow as compared to the use 
of a topsoil saving plow (Lavado and Cairns, 1980). 

Conflictina results are also reported with respect to changes in 
water infiltration rate upon deep plowing. On disturbed soil samples 
Bowser and Cairns (1967) report a Significant increase in infiltration 
Peon, 126.t6.93..4 mL/cm?/5 min. Contrary to this are results of Lavado 
and Cairns (1980) who report significant 5 to 8 fold reductions in 
infiltration. 

Soil shrinkage has been examined only in one Study (Lavado and 
Cairns, 1980). In all soils examined shrinkage was Significantly 
increased by deep plowing, in some instances by as much as 8.245, 

Bulk density of deep plowed Ap horizons has also been examined. 
Sandoval et al. (1972) report a slight increase in bulk density from 
12455 to 1260 g/cm? due to deep plowing while another study (Rasmussen 
et al., 1972) reports no changes. 

Slight alterations of water retention properties in Ap horizons due 


to deep plowing are reported by Rasmussen ete al aa(ioH2 )e Water 
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retention at 1/3 bar tension increased Slightly while that of 15 bars 
tension decreased slightly. The overall result was an increase in the 
available water of 33 (by weight). 

From the foregoing it is apparent that deep plowing results in 
some rather pronounced changes in chemical and physical properties of 
Ap horizons. Whether these changes are beneficial or detrimental, 
however, depends upon the study. Certain studies indicate some 


aspects of tilth are improved, while others indicate the opposite. 


5.3 Materials and Methods 

ie athe fall sof 1980s" ate the time of morphological and 
micromorphological sampling, Ap samples were procured for laboratory 
analysis. Four samples were obtained for each of the tillage treatments 
(conventional and deep plowed) at each of the five sites (refer to 
Figure 9, Chapter 3 for sample locations). Depth of sampling in the 
deep plowed soils was equivalent to Ap depths observed in the 
conventionally tilled soils. All samples were air dried and ground to 
pass a 2mm sieve. Unless otherwise specified, the following analyses 


were conducted in duplicate on the fine earth ( 2 mm) samples. 


5.3.1 Chemical Properties 

Soluble metallic cations (Gas) Mg?*, Na’, ra DH. GEG@erand 
saturation percent were determined by the saturation paste method 
GUPS.- SollmsalinityMeStathe 1954 )em sSolublewnca- wencieacomere 
determined on saturation extracts by atomic absorption spectroscopy 


(AAS) while soluble Na’ and K’ were determined by flame photometry. 


Extractable metallic cations were determined from a 1:40 NH Ac extract 
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(Met Ae by AAS! 

Total exchange Capacity (TEC) was determined on samples 
saturated with NH)Ac and removed of excess electrolyte by leaching 
with n-propanol. The NH Ac was displaced with NaAc and the former 
was measured with the use of an ammonium electrode (Anonymous, 
1980). Exchangeable Na’ was determined by correcting extractable Na’ 
for soluble Na’, using saturation percent to convert soluble Na’ from a 
VOIUME basis "tO a Weight basis, § ESP was calculated from exchangeable 
Na’ and TEC values. Exchange acidity was determined by extraction 
with 1.0 M Ba(Ac), and back titrating with standardized NaOH using 
phenolphthalein indicator (Russel and Stanford, 1954). Soil reaction in 
0.01 M CaCl, was determined by the method of Peech (1965). Total C 
was determined by dry combustion with a Leco induction furnace 
(McKeague, 1978). Semi-micro Kjeldahl, excluding NO, and Noo was 


used to determine total N (McKeaque, 1978). 


9.3.2 Mineralogical Properties 

The clay separates (2 um) were separated for mineralogical 
analysis by gravity sedimentation (Jackson, 1979) following ultrasonic 
dispersion (Genrich and Bremner, 1974). X-ray diffractograms, for 
qualitative determination of clay mineralogy were obtained using a 
Phillips diffractometer equipped with Cu K  x-radiation. Oriented 
samples, prepared by the paste method (Theisen and Harward, 1962), 
were subjected to the following seven relative humidity 
(RH)/temperature/solvate treatments on Cao or K* saturated samples 


(McKeague, 1978): 
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Ca saturated, 5423 RH 

Ca saturated, ethylene glycol solvated 

Ca saturated, glycerol solvated 

K saturated, 105°C, 03 RH 

K saturated, 105°C, 542 RH 

K saturated, 300°C, 03 RH 

K saturated, 550°C, 0% RH 

Quantitative estimations of the phyllosilicates present were 

conducted by a variety of methods. Percent smectite was estimated 
from clay CEC, assuming smectite has an average CEC of 110 me/100 g 
(Borchardt, 1977). Smectite estimates were checked using surface area 
determinations (Carter letealsy, 1965): The assumed surface area of 
smectite was 820 m/g. Mica content is based on the K content of a 


OBL Ce Saturated clay suspension, as determined by ICP-AES with 


Suspension aspiration (Spiers et al., 1983). The mica was assumed to 
contain 103% K,0 (Jackson, 1979). Kaolinite plus chlorite was obtained 
by difference, These two minerals were separated on the basis of 


S09 A and aan peak intensities, respectively, using equations of 
Griffin (1971) and diffractegram peaks from the Ca saturated, ethylene 
glycol solvated treatment. 

The following assumptions are inherent in the above approach to 
quantify the clay mineralogy (Griffin, 1971): (1) the reported 
phyllosilicates, namely smectite, mica, kaolinite and chlorite are the only 
minerals present; (2) the refracting ability of the minerals is 
consistent, and (3) there isa 1-1 linear relationship between the ratio 
of the second order peak of kaolinite (3.59 A) and the fourth order 


eo) 
peak of chlorite (3.54 A). This approach ignores the presence of 
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minerals such as quartz and feldspars and also excludes amorphous clay 
materials. It, therefore, represents an analysis of the phyllosilicate 
composition rather than an analysis of the total clay fraction 
composition. With the exception of five Samples, phyllosilicate 


mineralogy was not performed in duplicate. 


Jeo EPhysical (Properties 

Particle size distribution was performed using the pipette method 
(Toogood and Peters, 1953). All Samples were pretreated with H,0, to 
remove colloidal organic matter. Where total salt content was 
sufficiently high «to «cause flocculation, repeated washings and 
centrifugations were performed until a suspension remained after 
Standing for 24 hours. Where necessary, carbonates were removed with 
the addition of 1M NaAc buffered to pH 5 with acetic acid (McKeague, 
1978 )% 

Sand fractionation was performed by the procedure of Day (1965) 
using sand separated for particle size distribution analysis. An 
Allen-Bradley sonic sifter equipped with standard sieves was used to 
separate the various sand fractions. 

Soil moisture retention characteristics were determined with the use 
of a pressure plate apparatus (Richards, 1965) on disturbed Samples. 
Mass water content was determined at tensions of Wien 118isitands15 
bars, 

Mean weight diameters of aggregates were measured according to 
the wet sieving procedure (Kemper and Chepil, 1965) with the following 
exceptions. Sieving was performed on samples previously air dried and 
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0.12 mm were used. Triplicate 60 g samples were immersed in a dry 
state and sieving was performed for 30 minutes in distilled water. 
Aggregate stability was determined from data obtained through the 
sand fractionation and wet sieving procedures previously described. 
This involved correction of aggregates for sand >60 mesh (0.25 mm), 
since sand >60 mesh is not considered as aggregates (Kemper, 1965). 
The equation used for calculating aggregate stability (AS) was as 


follows (Kemper, 1965): 


(AGG+S) - 2 


2 AS = 100 [ op 


where AGG+S refers to the total weight of soil material retained on all 
sieves during wet sieving. 

S is the proportional weight of sand >60 mesh contained 
within the original 60 gq wet sieving sample, as 
calculated from sand_ fractionation and particle size 
distribution data. 

SAMP is the initial oven dry weight (approximately 60 g) of 
the sample used for wet sieving. 

Modulus of rupture was determined on five replicate samples by 
the method of Richards (1953) as described by Reeve (1965). 

Soil consistence, as measured by the Atterberg limits, was 
determined according to the method described by Sowers (1965). The 
one point method was used for determining the liquid limit. Duplicate 
determinations were conducted on 502% of the samples. Activities 
(Skempton, 1953) were calculated by dividing the plasticity index by 


percent clay. 
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5.3.4 Statistical Analysis Techniques 

Statistical analyses were performed on most properties measured in 
the Ap samples. The analyses conducted were designed to: 
(1) determine the overall effect of deep plowing on properties of the Ap 
layer, inclusive of all sites; (2) determine the effect of deep plowing on 
Ap properties within a given site; (3) determine differences in Ap 
properties between sites; (4) determine the linear relationship between 
various analytical Ap properties; and (5) assess the variability of 
analytical properties on a per site per treatment basis. In most 
instances API statistical packages accessed through the University of 
Alberta computer were used. The SPSS package was used to complete 
certain simple correlations. 

The overall effect of deep plowing was assessed using a standard 
two-way analyses of variance (ANOVA) with application of the 
F-statistic (Steel and Torrie, 1980). These ANOVA involved sources of 
variation of tillage treatment, site, tillage treatment x site and error. 
In all instances the F-statistic was computed using mean square error 
(MS_) as the valid error mean Square, regardless of whether the tillage 
x site interaction was siqnificant. This decision was based on using 
the guidelines of Hicks (1964) to determine the error mean square 
(EMS). 

The effect of deep plowing within a given site was analyzed using 
a one-way ANOVA and the resulting F-statistic, using observations 
specific to that given site only; that is, within site tillage effects were 
assessed on the basis of the eight observations (four conventional 
tillage, four deep plowed) and ensuing variability. The outcome of this 


test is the same as would have occurred had t-tests been performed to 
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compare tillage treatments (Hardin, 1982), The advantage of using 
this approach is that the effect of deep plowing within a given site is 
assessed on the basis of soil variability within that site only. Since 
plots within a site were located to encompass maximum anticipated soil 
Variability, it was deemed undesirable to underestimate or overestimate 
treatment effects at given site because greater or lesser variability was 
present at another site. 

Statistical differences between sites within a given tillage treatment 
were determined only if warranted by a significant F-statistic for site, 
as determined by the two-way ANOVA, The Student-Newman-Keuls 
(SNK) procedure was usec on means which were "logically grouped" 
(Winer, 1971) to provide for comparisons of all site means within a 
given tillage treatment. The standard error of means (SEM) used for 
computation of required differences is determined as follows (Winer, 
WTA Is 

SEM == MSe/n 
where MSe = mean square error for all cells in the experiment 


the number of within cell observations 


n 
The above approach assumes homogeniety of variance between both 
tillage treatments. Degrees of freedom (DF) of the SEM, for 


determination of SNK values, are found as follows: 


Bie tind) 
where p = number of tillage treatments (=2) 
q = number of sites (=5) 
n = number of within cell observations (=4) 


‘Hardin, R.T., Professor, Department of Animal Science, University of 
Alberta, Edmonton. 
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Thus, the DF for the SEM was 30. 

Simple correlations between various Ap properties, using the entire 
data set, were completed as were determination of standard deviations 
(Steel and Torrie, 198C). 

ANOVA tables and correlation matricies are contained in 
Appendices B and C, respectively. Means and standard deviations of 
the various Ap properties, determined on individual! cells, are contained 


within Appendix D. 


5.4 Results and Discussion 
5.4.1 Chemical Properties 

A comparison of soil solution properties in the Ape hOnizons sds 
affected by tillage, is given in Table 43. The overall effect of deep 
plowing was to significantly increase pH, EC, soluble Cam Ma?*, Na~ 
and SAR in the Ap: horizons. Soluble K~ also increased slightly, 
though not significantly. Statistically, the saturation percent was 
significantly decreased. 

Although the conventionally tilled values for soil solution 
properties vary somewhat from site to site, for the most part the 
various sites responded to deep plowing in approximately the same 
manner. A notable exception is at site 2, where EC, soluble One and 
soluble Na’ were not markedly changed by deep plowing. A _ shallow 
plowing depth (38 to 48 cm) and the predominance of Chernozemic soils 
at this site (see Chapter 4) undoubtedly influenced redistribution of 
these constituents. Since site 1 is similar to site 2 in that Chernozemic 
soils occupy at least 503 of the sampled areas, non-significant changes 


were anticipated here as well, However, since plowing depth was 
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deeper and salts were generally found at shallower Gepths vit the xo 
horizon underlying the deep plowed zone at _ site 1 (Table 62, 
Appendix A), significant changes were observed in some properties. 

Although rather substantial increases in soluble Na’ were observed 
at sites 3 and 4, the inherent variability of Ap properties, particularly 
in the conventionally tilled soils (Table 98, Appendix D), resulted in 
non-significant changes at these two sites. Soils are fairly uniform in 
so far as classification within the Solonetzic order is concerned (Tables 
26 and 27, Chapter 4), such that morphological similarity does not 
necessarily imply chemical similarity. 


Extractable and exchangeable cations for the Ap horizons are given 


in Table 44, Results here generally correspond to those for soil 
, ; : 2+ a + 

solution properties, in that Dit Cae emigre and: SESP" “are 

Significantly increased, on an overall basis, by deep plowing. Of 

additional significance is the reduction in exchange acidity. Total 


exchange capacity, extractable K* and extractable Ca:Na_ remained 
unchanged by deep plowing. 

On the basis of data contained in Table 44 grouping of the sites 
dppears practical. Sites= (and 92 have, in the conventionally tilled 

' : 2+ 2+ “ 
soils, high extractable Ca and Mg , low extractable Na , low ESP 
and high Ca:Na ratios relative to sites 3, 4 and 5. Upon deep plowing, 
2+ es + Sees 

extractable Ca’ , Mg and Na were, for the most part, significantly 
increased at sites 3, 4 and 5 but not at sites 1 and 2. In addition, 
increases in ESP and extractable Ca:Na are more pronounced at sites 3, 
4 and 5. Differences in these initial values and relative changes upon 


deep plowing further coincide with soil classification at these sites. At 


least 503 of the soils samples at sites 1 and 2 are Chernozemic while 
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those at sites 3, 4 and 5 are all Solonetzic. As well, horizons of salt 
accumulation are found at greater depth at sites 1 and 2 relative to 
sites 3, 4 and 5 (Appendix A). 

Organic matter related properties of total carbon (C) and total 
nitrogen (N) are given in Table 45. Deep plowing significantly 
decreased both properties at all sites, which agrees with findings 
reported elsewhere (Bowser and Cairns, 1967). Relative reductions in 
totals © range sfnom 552. (site 1) to 332 (site 5) with am oversll. mean 
reduction of 433. Decreases in total N range from 56% (site 3) to 353 
(site 2) with an overall mean reduction of 46%. Generally speaking, 
greater relative reductions in total C and N occur at those sites initially 
higher in value for these two properties; that is, the percent reduction 
following deep plowing is higher at sites 1, 2 and 3 relative to sites 4 
and-5., 

No apparent difference exists between the topsoil saving features 
of the single bottom plow (site 5) and the topsoil saving plow (sites 1 
to 4). In fact, relative losses of total C and N were Slightly lower at 
site 5 relative to site, 4. Lavado and Cairns (1980) provide data 
comparing both plow types at these two sites. They found little 
difference between the two plow types and attribute this to malfunction 
of the topsoil saving plow. Improper setting of the topsoil saving plow 
may cause significant losses of Ap material (Botov, 1959). 

Reductions in total C and N reflect both dilution of Ap material 
with subsurface material, as well as an actual loss of Ap material from 
the surface. Dilution is apparent both in  micromorphological 
observations (Chapter 4) and the chemical analysis previously 


discussed. Actual loss was also apparent micromorphologically but was 
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Table 45. Organic matter properties of the Ap horizons 
as antected by tillage treatment. 


Conventional Tillage Deep Plowed Tillage 
Total Total Total Total 
Carbon Nitrogen C:N Carbon Nitrogen C:N 
Site (%) (%) (%) (%) 
eee eee eee 
1 ato) a0. 283 17.5 "fp eIed9e! “pln 2G ernie 
2 Rit! cle eu een) PU EB [Mare 1 Tee Wa 01/87 eee 14 36 
3 ded an0n 254 TIMOR | BOM ted ets 80 Si eee 
4 Dares OO 185 TS Bee Os PP C0 7 eto 
5 Sie earl op 40).5 CAG 10.° | bos. Soe Pete Jone ae 4 
Overall] 
Mean Parte 0.244 pee 1.59** OF 1S2<t 1222 


eee 
Pe ec OMiELoan ily driterents wi thimesimiulan develse 
From normal tillage at P=.05 and P=.01, respectively. 


Values within columns and within tillage not preceeded 
by the same letter are significantly different at P=.05. 
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additionally noted morphologically, as in many instances depth of deep 
plowing was located by observation of a thin band (1 to 2 cm) of Ap 
material at the bottom of the dead furrow. 

Carbon to nitrogen ratios remained unaltered by deep plowing 
(Table 45).° Ratios at sites 3 and 5, however, are slightly higher in 
the deep plowed soils relative to the conventionally tilled soils. 
Reaction with dilute HCI confirmed the presence of traces of carbonates 
in the deep plowed soils at these two sites. Although inorganic C was 
present at sites 3 and 5, the amounts probably have a negligible effect 
on total C values reported for these sites, as the linear correlation 


between total C and total N is 0.98%! (Table 97, Appendix C). 


9.4.2 Phyllosilicate Mineralogy 

Table 46 gives results of phyllosilicate mineralogy of the Ap 
horizons. Deep plowing has an overall effect of increasing the smectite 
content and decreasing the amount of kaolinite and chlorite present. 
Mica content remains unchanged by deep plowing. 

Smectite, which is comprised of both montmorillonite and biedellite 
(results determined from XRD patterns but not shown) is the dominant 
phyllosilicate group in all deep plowed soils and in all conventionally 
tilled soils except site 4. Dominance of smectite minerals in the clay 
fraction of Alberta Solonetzic soils is reported elsewhere (Brunelle et 
ali 1976); Increased smectite in the deep plowed Ap horizons is 


undoubtedly due to incorporation of subsurface material within this 


ovaree and in subsequent statements, the asterisk (*) signifies the 
correlation coefficient is significant at the 5% level. Using the 40 
sample data set, a correlation + 0.33 with 38 degrees of freedom (error) 
is significant at the 53 level (Steel and Torrie, 1980). 
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Table 46. Phyllosilicates in the Ap: horizons; 


expressed as a percent of the <2um fraction. 


Phyllosilicate Group (%) 


Site Mica 


Smectite 


Kaolinite 


Chlorite 


SS 


Conventional Tillage 


1 a 29 

2 bees 

3 b 26 

4 a2 

5 c 24 
Overall] 


Mean 25 


Deep Plowed Tillage 


1 a 2/ * 
2 br25 
3 bo25 
4 b 24 * 
5 b 24 
Overal] 
Mean 25 


ok 


from normal 


aK OOK 


2K OOK 


KK 


2K OK 


OK 


aK OK 


OF (oF tor 


\<e) ce) (ee) (ee) On 
* 


#* Significantly different, within similar levels, 


tillage at P=.05 and P=.01, 


respectively. 


Values within columns and within tillage not 
preceeded by the same letter are significantly 
different at P=.05. 
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zone, particularly that derived from the lower B horizon. The nature 
of smectite minerals, with their smaller size and high charge density 
(Borchardt, 1977) make them particularly susceptible to dispersion and 
migration under the influence of Na. Upon deep plowing, smectite is 
reintroduced to the soil surface. 

Kaolinite and chlorite are both lower in content in the deep plowed 
soils relative to the conventionally tilled soils. Higher values in the 
conventionally tilled soils likely reflects negative enrichment through 
smectite eluviation during the course of genesis (Brunelle etal, 1976). 

Site 4 exhibits trends dissimilar to those of other sites. Kaolinite 
is the dominant phyllosilicate in the conventionally tilled soils at this 
site, rather than smectite. Chlorite is also significantly higher and 
mica significantly lower. These factors, particularly the relative 
balance of smectite versus kaolinite plus chlorite, suggest intense 
eluviation at site 4. Observation of a mullgranoidic iunctic fabric at 
this site (Chapter 4) supports this conclusion. Since the phyllosilicate 
composition is consistent between sites in the deep plowed soils it is 
unlikely parent material phyllosilicate composition is responsible for the 


observed differences. 


59.4.3 Physical Properties 

Particle size distribution of the Ap horizons is Given in) Tablesu7. 
There was an overall significant increase in fine clay and total clay at 
the expense of sand and silt in the deep plowed soils. Increases in 
clay and fine clay in the deep plowed soils result from incorporation of 
subsurface material within the Ap, while the reduction in sand and silt 


is due to dilution. The increase in clay was also clearly evident in the 
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Table 47. Particle size distribution in the Ap horizons 
of conventionally tilled and deep plowed soils. 


Particele size Clase te) 
ee ee ee ee ee 


Fine Fine Clay: 
Site Sand Saaet Clay Clay Total etay 


a ee 


Conventional Tillage 


1 b 42.8 a 39.9 dee a 8.4 ae 

2 b 44.1 ab 34.5 a 21.4 a Sr ab 0.44 

= b 44.7 a Song a 19.4 Elel Ash S biOes: 

4 cl Db 26779 eminence oh eine) bieOma 

5 b 48.4 alo esiSeye) Suds a 5 Ue Oecte)s, 
Overall 

Mean 48.4 34.2 tee 3 7.4 0.42 

Deep Plowed Tillage 

{ b 46.8 28.8 a 24.4 * 125 ORS 

2 b 43.1 2 oI a ed (Saar 0.49 

S Dero 0 Sono a eet Wiles iets: 0.42 

4 a 54.4 EM ie! Be 178 9.0 * 0 254° 

5 b 42.0 ** 34.0 a 24.0 ** llateealé 0.49 
ethics 45.2 * C10) icine: 24.1 ** 17.5 0.48 * 


veoh ficankly Gurrerent..withim- similar weve tse 
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micromorphological observations (Chapter 4), 

The overall fine clay: total Clay ratio was significantly increased by 
deep plowing, although on an individual site basis the change was 
somewnat inconsistent. Changes in this ratio suggest the fine Clay 
fraction is preferentially eluviated during the genesis of Solonetzic 
soils. A higher simple correlation between smectite and fine clay 
(r = 0.80*) relative to the other phyllosilicates (Table 92, Appendix C) 
indicates that smectite, which is generally high in charge density and 
small Vim) “size “(Boerchardt,§ 1977)" relatives to the » other reported 
phyllosilicates, is the primary phyllosilicate susceptible to dispersion 
and eluvation. This is further supported in that those sites in which a 
significant increase in fine clay upon deep plowing was found also show 
a significant increase in smectite content (Table 46). In SUDDOrE Of the 
intense eluviation observed at site 4 is the significantly different 
composition in sand, clay and fine clay relative to the other sites 
(Table 47). 

Size distribution of the sand fraction is given in Table 48. The 
major fraction of the sand is fine sand with subdominant amounts of 
‘medium sand and very fine sand. Very little coarse and very coarse 
sand is present. The only notable difference between the various sites 
is the higher proportion of medium sand at site 4 relative to the other 
sites. Fine sand and very fine sand at site 4 are proportionately 
reduced. 

The overall effect of deep plowing on soil moisture retention 
characteristics (Table 49) was to increase moisture retention at. all 
tensions examined. For the most part retention at all tensions was 


increased by the same amount, resulting in an upward shift in the soil 
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Table 48. Distribution of the sand fractions in 
the Ap horizons 


Sand Size Class* (% of total sand) 


1 520 oe 22,0 ooe5 25.4 
2 2.4 6.6 Zien 40.5 20 
S 226 Oa 24.3 40.7 eon 
4 hace) OS 34.8 Chora [Sig 
5 2.4 Jie iRoves: 44.2 EMEA) 


Deep Plowed Tillage 


1 Ze G5 Zoro} 40.3 2a 
2 rae Garo 2 nek 41.0 (AST SS) 
3 Ea (eg Zama 42.7 20% 0 
& 126 > 10.0 Shin 36.0 ige0 
5 PAA hae) 1s 43.5 24a 


+ Ciasses=are according to the Canada Soi le Survey 
Committee (1978), as follows: 


VCS-very coarse sand 2902 Vitis eer aren 
CS-coarse sand (2 Onn = 602. 5h enn 
MS-medium sand Ose an = 8 2S 
FS-fine sand 0225. = 061.0 mm 

VFS-very fine sand 02a 0 smn O50 Samm 
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Table 49, Soil moisture retention characteristics in Ap 
horizons at the various sites as affected by tillage. 


Soil Moisture at Specified Tension (bars) 
(% by weight) 


Available 
Site arly e) = =3 =15 Water 


———— ee ee ae ee 


Conventional Tillage 


1 a 23.9 a 19.4 a 15.29 a 1369 LOT 
2 2-25,6 a 19.5 eb! Cis ite. 100 
3 ee) hie! CU esas) deena 10.28 
é DitGes Dea ceis by 926 Dena a2 
5) Ouse nino ore bes Amal oeac ome ee oes 
Overall] 
Mean 2S areal LSieah IP iegte: So 
Deep Plowed Tillage 
1 Zlesd lana hihars b 14.3 Dil oi ean 
2 Dee ab 19.4 b 1624 DaiAs| 8.3 
3 Zo abi 19,5 ey ee ee b 14.4 * 8.8 
3 (Seo Dugtow Da eal Bost 2.80 (bts 
5 PANE GE SG WE AERS SE at, Aa | Poe | thaw oT ee es Oras 
Overall] 


Mean 22,7 ** 19.0 ** 16.6 ** 14.3 ** 8.5 ** 


ee eoruit icantly Gifrerent, Within simi lam level ss trom 
normal tillage at P=.05 and P=.01, respectively. 


Values within columns and within tillage not preceeded by 
the same letter are significantly different at P=.05. 
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moisture characteristic curve with little change in the shape of the 
curve, Retention at -15 bars, however, increased more than that at 
-1/3. (bar resulting tn at “slight | "but Significant decrease in overall 
available water. 

The only significant difference between sites, within the 
conventionally tilled soils, is lower moisture retention at site 4. Within 
the deep plowed Ap _ horizons, significantly higher moisture retention 
occurs at most tensions at site 5 relative to the other sites, even 
though moisture retention in the conventionally tilled soils was 
approximately equal. This may be the result of the use of a single 
bottom plow at site 5, which, theoretically, should result in a greater 
proportion of B horizon material at the soil surface. 

Of those factors affecting soil moisture retention, particle size 
distribution and organic matter content are, in the absence of 
structure, generally considered to be the most important. Simple 
correlations between these two properties (Tables 96 and 97, 
Appendix C) reveal the following. Moisture retention is negatively 
correlated with sand, with correlations tending to be more significant at 
lower tensions (-0.69* versus -0.77* for tensions of -15 and -1/3 bar, 
respectively). Similar, but positive correlations between both clay and 
fine clay and moisture retention were observed. Correlations ranged 
between 0.60* and 0.70*. Noteworthy is a gradation in the correlation 
values which show more. significant correlations at higher tensions 
(Table 96, Appendix C). This suggests clay content has an increasing 
influence on soil water retention as the soil dries. Correlations between 
any particle size fraction and available water are low and for the most 


part insignificant. 
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Correlations between moisture retention and total C and total N are 
poor (Table 97, Appendix C). Maximum correlations of 0.19 and 0.16 
were found between moisture retention at -1/3 bar and total C and total 
N, respectively. Despite these poor correlations, available water is 
significantly correlated with total C and _ total N. Respective 
correlations are 0.56* and 0.54*, 

Soil strength, as measured by the modulus of rupture, was 
significantly increased by deep plowing, although on an individual site 
basis this increase was significant only sat «sites 3, 4. amd 5 (Table 50). 
This again suggests the soils at sites 1 and 2 (dominantly Chernozemic) 
are responding differently to deep plowing relative to the soils at sites 
steamed: 5 | (Sologetzic),. 

Modulus of rupture is weakly correlated with Clay (ri 2.0.38") sand 
fine clay (r = 0.30). Previous studies (Ibanga et al., 1980) indicate 
modulus of rupture is directly related to clay content, although the 
reported relationship tends to be curvilinear. No significant 
relationship exists between silt and modulus of rupture ar =+-0.10) 
although direct relationships (Lemos and Lutz, 1957) and _ inverse 
relationships (Ibanga elvale, 1980) are reported in the literature. 

Stronger correlations are found with the various Na_ related 
properties and modulus of rupture, including ESP (r = 0.51*), 
exchangeable Na~ (fF =90.62")) SAR (Ff =90 560%), soluble Na’ (r= 0.78") 
and extractable Na” (r = 0.69*) (Table 94, Appendix C). All these 
correlations are similar, although it is interesting to note the correlation 
of modulus of rupture with ESP is low relative to the other Na 
properties. Several authors have indicated a positive relationship 


between ESP and modulus of rupture (Richards, 1953; Reeve eteala, 
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1954), with high correlations (regression coefficients) reported by 
Reever et al., although these coefficients are somewhat specific to soil 
type. No clear explanation exists for the higher correlation of modulus 
of rupture with soluble Na* relative to ESP, unless absolute Na~ 
content, rather than relative Na~ content, has a greater influence on 
soil strength. 

The correlation between extractable eres and modulus of rupture 
(y= 08 81) cise particularly surprising. Although Gaas iS an important 
agent in stabilizing soil aggregates through its complexation with 
organic constituents (Harris etal). 1966; sEmerson, 1959) it has not 
been related to soil strength (as measured by modulus of rupture). 
This finding is opposed to previous research which indicates Cae levels 
are important in maintaining tilth of deep plowed seedbeds (Gairns, 
1976a), and in particular Ca:Na_ ratios (Cairns, 1976a; Lavado and 
Cairns, 1980), which are negatively correlated (r = -0.11) in this 
study. The higher ene values have possibly stabilized the soil 
material upon drying the briouettes for modulus. of rupture 
determinations, after thé soil material has initially slaked during wetting 
due to the presence of Na. 

Changes in mean weight diameter (MWD) due to deep plowing are 
also indicated in Table 50. On an overall basis, deep plowing 
significantly decreased MWD of water stable aggregates, although on an 
individual site basis no significant changes occurred. Differences 
between sites are not apparent although in the conventionally tilled Ap 
horizons sites 1 and 2 have slightly higher values relative to sites 3, 4, 
ege. 


Mean weight diameter is not strongly correlated with any other 


C basveQer (eanataious a 


Ae 2 op aitinege Yotlonmed we mee i 
- ~~ S ae 
yh par 46 eaitele705 setipil ot ot shetxin nolnine 
- 7 - 
tuleede, gaeinn es quitaien "all idulga w usques % 


scauhnl swolaate. @ eet — oviteley nats vt 1 oo 
; > Qh . : Hoe 

igihamn trie ten sidcizatize neseviad nehtetor eb “ 

inden. He 2 eS ret he ental ie giralusined ai (*te.0 
rh) dowowl? estioetges tine oriel Neate i eye * 
' "i (eek (neeveniad (h0e) St bad Siviet) etreutiteno> sn alias 


i” 2is or j bheweraain 26) Moretia lide a) betaiay nied 3 


} 


ravmsionl otelw doxgoes 2uclvexq- of beacaqe 2! plant aay 


a. 4 
| giserfheer 0) | =! » ¢ iniatniwe ml InGT ag a6 
j -_ 


j = 
| -e008) eevee) erlieo clt:2D “elenitia: mi One , teaver 


« 0c. @« 2 9). Bateig~ros Ylavittgore, @76 Asifies .. 10807 al) 


7 
a4 ¢ ae or rs 2 euitev 7 a) Verh aT “bute 

‘> 
ic idwDom 339 rer fait ve wee} quilyvo nous" ’ falvasum 


haXele yVleleinl sed telaayary Jioe off? OTe 2eolteninra db. = 
7 , 


wet Pag rr9) Ghai j 


, WH Ye soreteg erty ad sub 


rn) 


oe oniwnty ash of eob (084%! oer ee iepiew "Gsm agra 
Orel W990 , elaed hawvo Ae im oe oat yes bosib (\ oahe ale: 
mm vo cigquortth .copeperpge Sidate ~arew ta! - me 7 ate sg 
_ 
recone =. ere “ren? nasi engha - 
qh belly yileruphieeverte ¢ de gsr. os 


Pa? ,& Barve a = cuter nat vi ity — 7 poate wiweelte 


166 


measured soil property. Moderate negative correlations (r = -0.37* to 
“O745™) Sexist “with the Warious: Ne ‘related properties (Table 94, 
Appendix C). Correlations “of “0.41* ‘and 0045* are present between 
MWD and total C and N, respectively (Table 97, Appendix C). Similar 
relationships between organic matter and MWD are reported by Tooqood 
(1978). Poor correlations between MWD and particle size (Table 96, 
Appendix C) agree with other findings (Toogood, 1978). 

Aggregate stability (AS) is Significantly reduced in the Ap 
horizons by deep plowing (Table 50). A decrease was observed at all 
but site 4, although on an individual site basis the reduction was not 
significant. The slight increase in AS observed at site 4 possibly 
reflects the initial poor structural characteristics (mullgranoidic iunctic 
fabric) present in the conventionally tilled Ap horizons. 

Aggregate stability is not correlated with any particle size class 
(Table 96, Appendix C), nor any  phyllosilicate property (Table 95, 
Appendix C). Moderate negative correlations exist between AS and the 
various Na™ properties, ranging from -0.49* with soluble Na to =0.57* 
with extractable Na™ (Table 94, Appendix C). Reduced aggregation of 
the <50 um fraction with increasing exchangeable Na’ has been reported 
(Martin and Richards, 1959). Exchange acidity is moderately correlated 
with AS (r = 0.50*) although previous research indicates exchangeable 
H” has little influence on aogregation of the <50 um fraction (Martin 
and Richards, 1959). A strong relationship exists between AS and MWD 
(r = 0.81%, Table 93), however, the former is corrected for sand > 60 
mesh while the latter is not, so that the relationship, as expected, is 
not perfect. 


The effect of deep plowing on soil consistence, as measured by the 
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mtterberq limits, is’ ‘given in ‘Table 50. Deep plowing reduced the 
overall plastic limit (PL) and had no effect on the Hou init ( Le) 
which resulted in an increase in the plasticity index (Pl). Although 
initial and final values are somewhat different between sites, the 
relative effect of deep plowing is consistent between the various sites. 

Moderate correlations exist between the various Atterberg limits 
and particle size fractions. Both the LL and PI are positively 
correlated with clay and fine clay; respective ‘correlations with the LL 
are 0.66* and 0.60%, while those with the P| are “OUt752 Sarna cOei7 == 
respectively (Table 95, Appendix C). The PL is weakly correlated with 
all particles size fractions (Table 95). Odell et al. (1960) also found 
strong relationships between clay content and the LL and PI as well as 
a lesser influence of clay on the PL. 

The various chemical evaluations of soil Na are moderately 
correlated with the Atterberg limits (Table 94, Appendix Cy). Tine at 
is positively correlated only with ESP (r = 0.53*) while the PI is 
correlated only with SAR’ (r= 0.53"). All of the soil Na properties are 
negatively correlated with the PL, ranging from r = -0.52* (SAR) to 
PaaS Unoo soluble Na’). Of note is the strong positive correlation of 
0.91* between total exchange capacity (TEC) and LL. A Slightly lower, 
yet significant correlation between these two properties is reported 
elsewhere (Odell eleale, 1960). <Alse of Interest is the relatively high 
correlation of extractable Mg?* with the Pie (r= 0068") efabie olay 

Certain phyllosilicate characteristics correlate with the PI 
(Table 95). Correlations between clay CEC, clay surface area and PI 
are 0.80* and 0.74%, respectively. Since smectite content is based on 


clay CEC the correlation between smectite and PI is also 0.80%. 
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Smectitie minerals, notably montmorillonite, have much higher LL and PI 
values than other reported phyllosilicates (Cornell, 1951, as cited by 
Lambe and Whitman, 1969; White, 1949; Seed et al., 1964) and therefore 
in a soil! containing even a= small Proportion of smectite minerals 
consistence is influenced primarily by the smectite minerals present 
(Seed eed bas 1964: Odell Clady. O60) athe relationship between Mg 
content in the clay separate and PI (r = 0.85*) suggests the 
montmorillonite component of the smectite group is responsible for the 
observed correlation between smectite and PI (Mq is the prime 
octahedral constituent in montmorillonite, Borchardt, 1977). Thisoats 
further supported by the high correlation between Mg content of the 
clay separate and smectite content (r = 0.947 Table 88). 

The plastic limit (PL) is strongly related to properties reflecting 
soil organic matter content. Respective correlations between total C, 
total N and the PL are 0.88* and 0.87* (Table 97). Baver eb ake (1972) 
report PL values which were 25% higher (absolute) in a soil containing 
% organic matter compared to the same soil in which the organic matter 
was removed using H0,. Since other properties are not well 
correlated with the PL, it appears the PL is to a large extent governed 
by soil organic matter. 

Activities, or the ratio of the PI to total clay (Skempton, 1953) are 
given in Table 50. Deep plowing significantly increased activity on an 
Overall basis as well as at four of the five sites. Increased activities 
are undoubtedly a function of the increased smectite content, although 
activities as high as 7.0 are reported for montmorillonite dominated 


samples (Skempton, 1953). The correlation between activity and 


smectite is 0.75* (Table 95). 
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5.5 Summary 

Analytical features either directly or indirectly related to soil tilth 
were examined in Ap horizons of conventionally tilled and deep plowed 
soils. Some marked changes in most soi! Properties examined resulted 
from deep plowing. Different responses to deep plowing were 
frequently observed depending upon whether the sampled landscape was 
dominated by soils of the Solonetz or Chernozem order. 

At those sites comprised entirely of Solonetzic soils, soluble and 


2+ 


2+ 
extractable Ca and Na’ were generally, though not always, 


, Mg 
Significantly increased by deep plowing. Where Chernozemic§ soils 
occupied 50% or more of the sampled landscape, changes in these 
properties were generally less pronounced, Exchangeable Na’, ESP’ and 
SAR generally increased as a result of deep plowing Solonetz dominated 
landscapes, although significance levels were variable. Increases in soil 
pH and EC and reductions in exchange acidity were Significant in most 
instances and were independent of soil type. The effect of deep 
plowing on total exchange capacity and Ca:Na ratios was variable and 
independent of soil order, while no effect was observed with respect to 
soluble and extractable K’. Both total C and total N were significantly 
lower on the deep plowed soils at all locations. Reductions in these two 
properties do not appear to be related to the type of plow used, 
however, slightly greater reductions occurred where total C and N were 
initially higher in the conventionally tilled Ap horizons. 

Phyllosilicate mineralogy of Ap horizons was altered by deep 
plowing in the bulk of soils examined and was not dependent upon soil 


order, Smectite content was significantly increased by deep plowing 


while kaolinite and chlorite were significantly reduced through dilution. 
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Mica content, for the most part, remained unchanged. 

Particle size distribution was also influenced by deep plowing. 
Sand and silt content, on an overall basis, were significantly reduced 
in the deep plowed Ap horizons, although on an individual site basis 
the direction and significance of the change was variable. Total clay 
and fine clay increased upon deep plowing at all locations, however, the 
significance of the increase was variable. Significant increases in fine 
clay were more apparent than increases in total clay, which parallels, 
and is highly correlated with (r = 0.84*), the increase in smectite 
content. Size distribution of the sand fraction remained unchanged by 
deep plowing. 

Moisture retention at a given tension was significantly higher in 
the deep plowed soils when expressed on an overall basis. On a site 
specific basis, however, changes were generally insignificant and 
occasionally retention was lower in the deep plowed soils. Moisture 
retention at -15 bars was increased more so than retention at -1/3 bar 
which resulted in an overall significant decrease in available water. 
Moisture retention at any given tension was positively correlated with 
clay content and, as the tension increased, correlations increased. 
This perhaps indicates that clay content becomes increasingly important 
in retention of soil moisture as the soil dries. Available water is 
moderately correlated with only total C and total N, even though 
retention at a given tension is weakly correlated with these two 
properties. 

Modulus of rupture was significantly increased by deep plowing at 
those sites dominated by Solonetzic soils; the observed increases were 


approximately an order of magnitude. No change was observed at those 
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sites where Chernozemic soils occupied a significant portion of the 
landscape. Both mean weight diameter and aggregate stability remained 
unchanged by deep plowing on an individual site basis, however, on an 
overall basis these two properties were Significantly lower on the deep 
plowed soils. 

Certain changes were also noted with respect to soil consistence. 
Although the liquid limit, for the most part, was unaffected by deep 
plowing, the plastic limit was significantly reduced. The plastic limit is 
highly correlated with total C and total N, such that the observed 
decrease probably reflects a loss of Organic matter. | The drop inethe 
plastic limit resulted in a significant increase in the plasticity index at 
all locations. Activities also increased upon deep plowing most sites, 
and this appears to be related to the increased smectite content, and 


probably the montmorillonite component contained therein. 
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6. CROP RESPONSE 


6.1 Introduction 

The effect of deep plowing on crop yields has been studied by 
many researchers. For the most part, moderate to pronounced crop 
yield increases are reported (Bowser and Cairns; 1967+. Cairns, 1962, 
1970, 1971; Eck and Taylor, 1969: Harker etal, > 19777 Hermans, 198. 
1982; Karkanis and Cairns, 1981; Kroqman and MacKay, 1980: Lavado 
and Cairns, 1980; Mech et al., 1969: Sandoval, 1978: Sandoval etal, 
1972), however, yield depressions resulting from deep plowing have 
been observed within some of these studies. The emphasis in the above 
studies has been on changes in the entire soil pedon and the effects 
these changes have on total crop vield. Few studies have been devoted 
to an analysis of crop response characteristics other than total yield 
and even fewer to an analysis of the influence of seedbed properties on 
crop qrowth characteristics. 

This chapter is devoted to an analysis of crop response 
characteristics on deep’ plowed Solonetzic and associated soils. The 
relationship between various seedbed properties (Chapter 5) and crop 
growth characteristics is discussed, where applicable. The relationship 
of the geomorphic scil sequence present (Chapter 4) to crop response is 


also evaluated. 


6.2 Literature Review 
Changes in soil properties contributing to crop response can be 
grouped into two general cateqories: (1) increased soil moisture 


Storage and extraction; and (2) changes in the soil chemical suite, 
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: - 
particularly increased Gace derived from various sources. The two are 
not mutually exclusive in that the relative balance of ve and Na’ has 
a marked effect on water movement (Frenkel et al., 1978; Harron, 


1979). 


6.2.1 Soil-Water Relations 

Changes in soil-water relations upon deep plowing was briefly 
introduced in Chapter 2, Expansion on the previous summary is 
required to fully appreciate the contribution that these aspects make to 
crop growth and yield. 

Pair and Lewis (1960) report infiltration rates for a Sebree soil 
(presumably Solonetz) which was thoroughly mixed to a depth of 
eee Mean infiltration rates increased from 0.025 cm/hr_ to 
1.07 cm/hr upon deep plowing. This change resulted in a total of 
729 cm of water infiltrating into the mixed soil during a 729 hr period 
(approximately 30 days), compared with only 33 cm of water in the 
undisturbed soil. A reduction in ESP from 34.77 to 8.24 upon mixing 
was the factor identified:-for the marked increase in infiltration. 

On a Chernozemic soil in the USSR, Burnatski and Yarovenko 
(1961) found a more uniform distribution of soil moisture with depth 
following winter precipitation when depth of tillage was increased from 
25 to 35 cm, More uniform distribution was attributed to breaking of a 
plowsole in addition to improved soil structure and corresponding 
increased infiltration. 

Also in the USSR, Maksimyuk (1958) evaluated the effect of deep 
tillage on water infiltration properties of a Solonchak-like Solonetz. 


The soil was deep spaded and subjected to successive leachings. Only 
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2.1 hours were required for a given amount of water to infiltrate into 
the deep spaded soil, while 14.4 hours were required for an equivalent 
amount of water to infiltrate into the virgin soil. After five leachings, 
infiltration time increased to 9.15 and 33.0 hrs for the deep spaded and 
virgin soil, respectively. This reduction in infiltration with time was 
attributed to soil swelling. 

In Texas, Eck and Taylor (1969) evaluated the effects of thorough 
profile mixing to depths of 90 and 150 cm on a Pullman SiCL (Reddish 
Chestnut soil). Grain sorghum was grown under irrigated and stressed 
(dryland) conditions. Profile modification was found to increase the 
amount and depth of water storage and reduce evaporation in the 
stressed treatments. Depth of root penetration by the sorghum 
increased as a result of profile mixing. Water use efficiency (WUE) 
increased as a result of greater water storage and extraction at depth, 
particularly under stressed conditions. Under the stressed conditions, 
WUE increased by 41.3% for grain production and 25.2% for total dry 
matter production. The overall result was significantly higher grain 
end stover yields under stressed conditions. For the 90 and 150 cm 
modified treatments, respective increases in grain yields, relative to the 
check, were 66 and 81%. Little change was noted in grain or stover 
yields on the irrigated treatments. 

Cary ce fale (1967) evaluated soil water distribution and extraction 
by alfalfa on a Freeman Sil (Mollic Haploxeralf) as affected by profile 
modification. Significantly greater water storage at the beginning of 
the cropping year and greater water extraction at the end of the 
cropping year was observed when the profile was disturbed to a depth 


of 122 cm and replaced in a mixed state or in the original horizon 


ue os 
rei a | aa wos ‘ey os : 
ean eeu oa anroril 
ene avalt etl heats OS zt ay: | 
finucabdd Yo efaatie eds Dareulave pebOrY S0tyeT bas Bed", ANSP AI 0. | . 
reiheW) JD12 familie’ “eno ao OFF Dae Oe To editqab 03 “Enid shiorg . 
bichuste tra ietenley tebew wevp sew Martone med” “(ioe suet 
att seemed ot bral paw eelizotitem sified Seholzibaas Tonehyby ; 
we ni @Shtesnques GUNeT fire aperol® sétew Yo’ ‘hash Dap nvone 
auitenee sre vel malteateray’ Joy 6! aiqad — “vatnamtssnf bazvente 
(SuW) yore ay veieW uo pnxin alfftesq “0 Siiet 6 26 baeeaqan 


jas te molsextae bine scene? satew WaTaaTO Wh Murer © te beraeant 


gretsibews becawule ait shoe) «= enniibnos eseete-vebon yieluotr ied 
val beat Got CVSS ‘Sra “Helene niet 9%) et, 18 od bazeswunt ‘SUW 
Aleip vated yitealingle 220 Morr Tere afT .nolfoubdiq’ Ystven f 
os O41 brie OC SAD 407 JerveRiines figppeere Vebrw ediely savoiz Drs 
a or @viteian (abtely sieve mn! exanervaal evltoocent einerdtnet), Sshitem 
seveta wo niet on) Gee ean Serer ail? 0's Se ‘ oisw . doe - 
seormemaees: tertighsy! aril m5 shinke Jy 
agliomitas bre noltuctietei vetew lice Gagenlave fT aht? lg 0S vt? 
alftaeg qd bytcotte 26 iewkolgall silidM) se Ageeey & hing etlelie vd 
to orinnioad ons ye egrtot2 setew Ttnorp ylrIMApIe noliesitibem 
ony % baw ori in notyigthes ~btew satong! tne eRe?” griqaot art 
teh 6 of bediutélty’ pee alerg wtf rites blvd bbw Seog rian 
nethod lenigta sdroniSe ete’ boat’ eon Caasigny Gre, 


sequence. In examining water extraction data, it was noted that 
approximately two-thirds of the water extracted by alfalfa in the control 
soil was at a depth of 30.5 cm, while only one-third of the water 
extracted in the mixed soil came from this depth. The greater depth of 
water extraction in the mixed soils was related to greater rooting depth 
of alfalfa. 

A supplementary Study on the Freeman SiL soil is described by 
Mechtet™al.1(1967). Deep plowing to a depth of 91 cm with a single 
moldboard plow supplemented the study of Cary et al. (1967). Mean 
soil water depletion by alfalfa, on the mechanically mixed and check 
plots, were 7a7 and 675¢cm: respectively, No apparent differences 
existed between the mixed treatments (fully mixed versus mixed and 
replaced in original horizon sequence). 

On deep plowed soils the infiltration rate after 3 hrs was reduced 
to 0.38 cm/hr compared to 1.63 cm/hr for the check soil, despite 
equivalent initial rates. Water storage within a 91 cm depth, however, 
was 5.3 cm greater in the deep plowed soils as compared to the 
conventionally tilled soils. The authors suggest lateral flow of water 
along an Ae horizon may be responsible for the higher infiltration rate 
yet lower total water storage in the check soil. 

After cropping for two years to wheat, moisture depletion averaged 
3.8 cm more per year on the plowed plots. Moisture extraction was 
greater and more rapid in the 61 to 122 cm depth in the deep plowed 
soils compared with more rapid depletion through the 30 to 61 cm depth 
in the check soil. Yields of winter wheat were significantly increased 
by deep plowing with increases ranging from 0.77 to 1.35 tonnes/ha. 


Yields of alfalfa and alfalfa-wheatgrass mixtures were also higher in the 
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deep plowed soils, but only when adequate amounts of fertilizers were 
applied. 

Fehrenbacher et al. (1958) also evaluated soil-water parameters 
under the influence of deep tillage practices. On a Weir SiL soil 
(Planosol) in Illinois, higher average soil moisture content within the 
upper 61 cm were noted in soils thoroughly mixed to depths of 69 or 
92 cm relative to undisturbed soils. This increase, however, was 
attributed to increased clay content within this zone as no difference in 
available water content relative to the check was noted throughout this 
zone. Below depths of 61 cm differences in moisture content between 
the tillage treatments were not apnarent, 

Rasmussen et al (1972) evaluated soil water infiltration in an 
irrigated, deep plowed Solonetzic soil (Nadurargid) and its zonally 
"normal", associated soil (Haploxerollic Durorthid). Total water intake 
after two irrigations was at least 5.3 cm greater on the deep plowed 
Solonetzic soil compared to the check, with increased infiltration as high 
as 9.8 crm "recorded “in “certain “years. Deep plowing also resulted in 
increased water intake into the "normal" soils, although increases were 
lesS pronounced. Depth of water penetration on the deep plowed 
Solonetzic soil was 75 to 90 cm compared to 15 to 20 cm or less on the 
untreated check, Similar depths of water penetration (70 to 95 cm) 
were noted on the deep plowed associated soil although in the check 
plot depth of water penetration was adequate (40 to 46cm). On the 
normal soil, both wet and dry infiltration rates were slightly increased 
by deep plowing. On the other hand, a marked increase in infiltration 
rate was observed on the deep plowed Solonetzic soil, with the most 


pronounced increase on dry infiltration tests. Root penetration depth 
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was essentially the same as the depth of water penetration within the 
respective treatments. 

Combined yield of wheat and barley increased from 3,060 to 5 St 
kg/ha as a result of deep plowing the normal soil. Total yield of 
alfalfa, on the same soil, increased sligaily, from, 13.0 sto 01356 
tonnes/ha. More pronounced increases in crop yields are reported for 
the deep plowed Solonetzic soil. Yields of wheat and barley were 
increased from 1,290 to 5,530 kg/ha and those of alfalfa from 2.5 to 
11.9 tonnes/ha as a result of deep plowing. 

Krogman and MacKay (1980) evaluated the effect of horizon mixing 
of several southern Alberta soils in a greenhouse study. Various 
horizon mixing sequences were evaluated on six soils: two Solonetzic 
Dark Brown Chernozems (SZ.0B), three Dark Brown Solodized Solonetz 
(DB.SS) and a Dark Brown Solod (DB.SO). Total water use (TWU) by 
stressed Galt barley was variable and depended, in part, upon soil 
classification. Only in one of the SZ.DB and two of the DB.SS did 
TWU increase as a result of horizon mixing; in the other SZ.DB TWU 
did not change while T\VWU decreased in the DB.SO and the remaining 
DB.SS. Initial water use was more rapid in the SZ.DB and DB.SO soils 
compared to the DB.SS soils, but in the latter growth Stages of the 
crops the reverse was true. It was noted, however, that TWU was not 
a significant factor affecting yields. 

Generally speaking, horizon mixing resulted in enhanced crop 
growth on the DB.SS soils but not on the others. Senescence and 
maturity of the plants was delayed on the more saline soils because 
Salinity levels restricted early water uptake. Root distribution with 


depth was more uniform when the profiles were completely mixed as 
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opposed to being placed in their natural sequence, especially when 
Salinity and sodicity of the B and C horizons were high. 

Harker et al. (1977) also evaluated horizon mixina of a Solonetz 
seie® (Duaghy? 6 1s8S 7 Mine greenhouse study. Mixing of A and B 
horizons only, as would occur if plowing depth was too shallow, had a 
detrimental effect on crop yield. Greenhouse yields of barley under 
moisture stress and adequate moisture, respectively, were reduced by 
1.0 and 2.0 g/pot when A and B horizons only were mixed relative to 
replacement of horizons in their natural sequence. The harmful effect 
of this A and B mixture was attributed to dispersion and extremely low 
water intake rates, 

Under irrigated conditions at Enchant, Alberta, Krogman (1979) 
evaluated deep plowing on a Memaruka-Halliday complex (DB.SS and 
DB.SO, respectively). Although a greater Proportion of total soil water 
(0 to 90 cm) was contained in the 60 to 90 cm depth in the deep plowed 
soils relative to the conventionally tilled soils, this had no effect on 
yield of barley. Respective yields were 3.30 and 3.46 tonnes/ha. 

From the foreqoing the following conclusions can be drawn. 

(1) Deep plowing results in greater depth of water penetration 
and greater total water storage as a result of increased 
infiltration and percolation. 

(2) Deep plowing generally results in greater rooting depth of 
crops, greater water extraction, increased WUE and higher 
yields. 

(3) Increases in crop yields due to (1) and (2) are generally 


negated by irrigation; that is, deep plowing is more 
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successful where water is a limiting factor for crop growth 


(Burnett and Hauser, 1968). 


6.2.2 Soil Chemical Factors 

Soil chemical factors have also been implicated in crop response 
resulting from deep plowing. The main focus on this research has been 
on Gao Na’ and the relative balance between these two cations. 

In 1962 Cairns evaluated backhoe mixing™@of a Duagh Lk. (BL.SZ)!te 
Sie ens Yields: of beth barley> "and “wheat Were” increased by deep 
plowing, but the relationship between increased extractable enn 
decreased extractable Na’ and increased productivity was not clear. 

Bowser and Cairns (1967) also evaluated deep plowing and crop 
response om the Duaagh soil. Significant increases in soluble and 
exchangeable cae? and significant decreases in soluble and exchangeable 
Na’ and Mg?* were reported upon deep plowing. These changes were 
reflected in a significantly higher Gat” and significantly lower Na’ and 
Mee Status of alfalfa grown on the deep plowed soils. Only a very 
slight increase in cereal crop yield, from 2,317 to 2,400 kg/ha, was 
Reported Overman six “year period. An alfalfa-bromegrass mixture, 
however, outyielded the check by 2033. The number of alfalfa and 
bromegrass plants were considerably higher on the deep plowed soils 
and this undoubtedly influenced the final yield values. In two 
subsequent studies (Cairns, 1970, 1971) no consistent relationship could 
be found between various cationic constituents, deep plowing and crop 
response, 


Further research was conducted in Alberta on different Solonetzic 


Ssotisee (Carrns, 19725)". Cairns evaluated the productivity of four 
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Solonetzic soils (Duagh SiL - BL.SZ, Torlea L. - DE ess Winit rome lee 
BL.SZ, and Kavanagh L. - BL.SZ) in a greenhouse study involving the 
addition of various chemical amendments. The conclusion derived from 
this study was that the addition of Ca compounds, particularly CaCcO,, 
increased soil pH which resulted in increased N availability to plants. 
This supported other research of Cairns (1972a) where increased uptake 
of N by barley was obtained on mixed horizons of Solonetzic soils. 
Responses of various crops Produced increases in productivity ranging 
from 32 to 234%. Similar increases in productivity were reported on the 
same soils in the field study conducted by Cairns (1971). 

Evaluation of soil seedbeds after deep plowing Solonetzic soils 
(Cairns, 1976a) revealed a qood_ within-site relationship between 
adequate seedling emergence and extractable Ca:Na ratio of four or 
more, Generally, as extractable ex” increased, emergence increased. 
An opposite trend for extractable Na’ was found. 

Further work on soil seedbeds (Cairns, 1976b) revealed that no 
nutritional benefit was realized when the Ap horizon was retained on 
the surface during deep plowing as opposed to mixing it with the B and 
C horizons. Differences in the composition of alfalfa and yield of both 
barley and alfalfa were not apparent between the two treatments; yield 
of alfalfa in some instances was depressed by Ap retention. Since this 
was a greenhouse study, however, Cairns stressed that under field 
conditions Ap retention may be beneficial from the standpoint of soil 
sielivg 

In field and greenhouse studies Harker et tale (1977) again 
evaluated crop response to deep plowing on the Duagh Solonetz. An 


increase in Ca:Na ratios, despite substantial increases in both soluble 
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Na and EC, was implicated as contributing to improved crop response. 
Yield of unfertilized alfalfa~-bromeqrass forage during the period 1969 to 
1972 was significantly higher on the deep plowed soils (3,205 versus 
1,782 kg/ha for the deep plowed and check soil, respectively). Both 
field studies and greenhouse studies substantiated previous findings 
that deep plowing increased use of indigenous and applied N. Mixing 
of A and B horizons only, without incorporation of C horizon material, 
depressed yields in the greenhouse. Retention of the Ap horizon on 
the soil surface was beneficial relative to complete mixing only under 
adequate fertilization levels, 

Again, Lavado and Cairns (1980) noted in field and qreenhouse 
Studies that extractable Ca:Na ratios appeared to play an important role 
in crop response. On two soils, both field and greenhouse studies 
indicated that unless Ca:Na ratios were substantially increased by deep 
plowing, crop yield remained unchanged or was depressed. Calcium 
levels in the C horizon at one of the sites were insufficient to bring the 
Ayand B “horizons to Ca2Na ‘ratios of 24 (Cairns, 1976a), which resulted 
in reduced N uptake and depressed yield of greenhouse grown barley. 

The foregoing studies indicate the following: 

(1) Crop response to deep plowing is related to increased Gao. 
within A and B_ horizons. Where sufficient ead is not 
incorporated, due either to insufficient plowing depth or 
insufficient ears reserves in the © horizon; ‘crop productivity 
remains unchanged or may be depressed. 


(2) Increased Oe. particularly that derived from CaCO results 


gi 


in a higher pH and increased N availability to plants. 


(3) Resulting Ca:Na_ ratios of approximately 4 or more are 
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necessary for adequate crop response and maintenance of 
adequate seedbed tilth. 

(4) Methods designed to retain Ap on the surface during deep 
plowing are generally of no nutritional benefit, however, they 


may be of benefit in retaining the general tilth level of Ap 


horizons. 


6.3 Materials and Methods 

Square metre sampling blocks were established in the spring: of 
1980 at each of the five study sites. The format of the sampling blocks 
[Segivien: Gin "Chapter (3m micuines S)mrarncs. thes tsite: “locatioaueandulsoll 
descriptions are given in Chapter 4, 

Following emergence counts from an equivalent number of. drill 
rows (within site), crop height and general vigor were monitored on a 
bi-weekly basis until harvest. Heicht was determined from _ ten 
randomly selected plants within each block. Plots were weeded on a 
regular basis to a point 20 cm beyond the perimeter of the blocks to 
reduce competition from’ weeds as much as possible. Notes were made 
with respect to general weed species and infestation levels within the 
fields  e(thiss) was eipreviously «disctssed}= jnie part, fine ’Ghantena), 
Cravimetric soil moisture samples were taken during 1981 near the 
outside perimeter of the blocks (Figure 9). 

At harvest, a total stem count was taken to determine the extent 
of crop tillering. Total dry matter vield, grain yield and straw yield 
were determined on mature samples from these blocks. 

Statistical analyses were performed in a manner similar to that 


used for Ap properties (Chapter 5), with the following exceptions. 
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Site (Ap properties) was replaced by plot and therefore no comparisons 
were made between the different sites: the only comparisons made were 
between tillage treatments and the geomorphic sequence present, within 
a specific site. Too many variables, including crop type, soil 
Management, year, precipitation, etc., were present to determine 
Statistical differences between sites. 

Differences in yield parameters were again determined with a 
two-way ANOVA, including interaction, to separate variability. 
F-values were again used to determine Significant differences between 
tillage treatments on an overall site basis and differences in the 
influence of the geomorphic sequence present (plot) within tillage 
treatments; for the latter, where significant, the S-N-K procedure was 
used to compare plots (5% level) using within cell variance as the valid 
error mean square. Comparisons of the effect of tillage within a given 


plot were not determined. 


ANOVA tables for crop characteristics are given in Appendix B. 


6.4 Results and Discussion 
6.4.1 General Site Observations 

Post-deep plowing crop yields for the five sites (Hermans, 1982) 
are given in Table 51. In all instances a positive crop response has 
resulted from deep plowing. 

Table 51 also indicates crop rotations followed at the various study 
sites. Although management is site specific, manaqement within a site 
and between treatments (conventional tillage and deep plowed) was 
consistent. Only a small portion of a given field was deep plowed such 


that fertilizer, herbicides, cultivation and other management 
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Table 51. Mean post deep plowing crop yields at 
the study sites (Hermans 1982). 


Site 


Year 


Gra tives 16.0 


( tonnes/ha) 


Deep 
P lowed 


1 


1975 
toe, 
PSY 
STS) 
1980 
198i 


ses 
1977 
ig76 
SMES, 
1980 
1981 


SUV 
Was, 
SWVAS) 
1980 
1984 


ove 
1978 
RSIS 
1980 
1934 


Lows 
1976 
VSS 
1980 
1981 


Norma] 
Ceao Tillage 
Oats ToS 
Rapeseed tas 
Bar ley OL” EH) 
Oats 255 
Oats 2209 
Bar ley 1459 
Rapeseed R25 
Wheat Eesha 
Oats poe 
Rapeseed ta34 
Wheat NA 
Oats NA 
Oats/Bar ley 1.08 
NA NA 
Oats 1239 
Oats/Barley 2.76 
Bar ley 0.94 
Fallow ih he 
Fallow ct 
Wheat 1.98 
Wheat 1.98 
Wheat OSes) 
Wheat eS 
NA NA 
Oats Pee.a 
Oats NA 
Fallow cee 


NA - Not available. 
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inputs/techniques were equivalent between treatments. 

Certain general observations were apparent which related to 
cropping practices and crop response at all sites. Senescence of crops 
grown on the deep plowed soils was delayed relative to the 
conventionally tilled soils. This was apparent durina both 1980 and 
1981 and was observed for all crops. Later senescence on the deep 
plowed soils may be due to higher Salinity levels and reduced uptake of 
water in the early growth stages (Krogman and MacKay, 1980) or 
reduced water stress in the latter portion of the Growing season. Weed 
populations tended to be much lower on the deep plowed soils. Similar 
observations are reported elsewhere (Burnatzki and Yarovenko, 1961) 
and are perhaps related to the loss of the former Ap horizon reported 
in Chapters 4 and 5, which would be the primary source of weed seeds. 
Crop growth on the deep plowed soils tended to be more viqorous; 
tillering occurred at an earlier stage of growth and chloritic symptoms, 
when present, were less pronounced on the deep plowed soils. More 
vigorous crop growth on the deep plowed soils was especially 
Pronounced during 1981, the drier of the two years (see Figure 29, 


Appendix E). 


G22. alte 

Growth and yield characteristics of oats at site 1 during 1980 are 
given in Table 52. Mean characteristics, for the most part, remained 
unaffected by deep plowing. Emergence counts and final stem counts 
were similar on both tillage treatments, however, tillering was slightly 
lower on the deep plowed soils. The lower degree of tillering on the 


deep plowed soils, however, was compensated for by a significantly 
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Table 52. Response of oats to deep plowing at site 1 during 1980. 


Geomorphic Sequence 
and Classification! 


Plot { 2 3 4 Mean 


Emergence (plants/m2) 


CT 175 136 178 158 162 

DP 170 146 159 216 772 

nis 6 
Stem Counts (stems/m2) 

Cr 336 a 307 a 396 a 187 b 281 

DP 258 249 285 275 267 

VAN = 
Tillering (stems/plant) 

Gili 1.92 ab 2.26 a 1.69 b ie {Sac jean 

DP 1.52 diez 1.80 1.20 1.59 

aN =O 
TOM Yield (g/m2) 

Ci 778 923 834 572 776 

DP 674 B47 865 832 804 

ha 4 
Straw Yield (g/m?) 

Ci 334 495 480 322 407 

DP 252 439 437 502 407 

WAIN O 
Grain Yield (g/m?) 

Ci Avia 428 a 354 ab 251 b S7C 

oP 427 408 429 330 397 

% Wl 


Single Stem Yield (g/stem) 


Sap ies Ws ls) 119 Ws oh) foe! 
DP 1.63 1.64 decor 1.18 14'S 
ho 13 
Grain:Straw 
(1p i ct 0.87 Oris 0.88 0.98 
DP PD SKE Ons (@) SIs) ©). 79) Voces 
ba 28 
1 Classification is according to the Canada Soil Survey Committee (1978). 
*,_** Means are significantly different from normal tillage at P=.05 and P=.01, 
respectively. 
Values within rows and within tillage not followed by the same letter are 
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higher yield of grain per panicle. Although no differences exist in 
total dry matter yield (TDM), grain yield or straw yield between tillage 
treatments, there is a tendency for slightly higher grain:straw ratios in 
the deep plowed soils. 

Major differences in growth and yield characteristics as influenced 
by the geomorphic soil sequence do mot exist. There is a tendency, 
however, for tillering to be slightly higher on those deep plowed soils 
whose conventionally tilled counterparts fall within the Solonetzic order 
(BL.SO) relative to those of the Chernozemic order (Ope randesz. Bile 

Emergence of barley was Significantly lower on the deep plowed 
soils in 1981 (Table 53). Reduced emergence may be the result of the 
increased modulus of rupture (Richards, 1953), however, the tendency 
towards greater crust strenath on the deep plowed soils is only slightly 
higher (Table 50, Chapter 5). Crusting at the time of crop emergence 
during both 1980 and 1981 was not pronounced. 

Mean stem counts of barley were significantly higher on the deep 
plowed soils despite the initial lower emergence. Tillering compensated 
for the difference. Total dry matter yield was significantly higher on 
the deep plowed soils, but grain and straw yields, on an_ individual 
basis, were not significantly higher. As with oats in 1980, a greater 
proportion of the TDM yield on the deep plowed soils tended to be in 
the form of grain, as indicated by grain:straw ratios. 

Differences in the growth and yield components of barley on the 
deep plowed soils are influenced to some degree by soil type. Those 
plots on Solonetzic soils (plots 2 and 3, BL.SO) aenerally exhibit a 
greater degree of tillering relative to the deep plowed Chernozemic soils 


(plots 1 and 4). Both TDM yield and straw yield were significantly 
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Table 53. Response of barley to deep plowing at site 1 during 1981. 


Geomorphic Sequence 
and Classification! 


Poke 


Emergence (plants/m2) 
Gi 
DP 
wh 


Stem Counts (stems/m?2) 
1h 
DP 
LL 


Tillering (stems/plant) 
CT 
DP 
bh 


TOM Yield (g/m?) 


Straw Yield (g/m?) 
Ci 
DP 
LL 


Grain Yield (g/m?) 
Gir 
DP 
hh 


Single Stem Yield (g/stem) 
Ci 
DP 
hh A 


Grain:Straw 
Ci 
DP 
hh 


1 


respectively. 


Values within rows and within tillage not followed by the same letter are 


139 


139 


sy 
161 


183 


Bee 
702 


<2 | 
24 


Significantly different at P=.05. 


») 3 4 Mean 
AXE) 279 a 18 ec 174 
132 145 140 139 

=2@) 
208 145 176 167 
240 246 178 PPA) 
29 
66 a ao. a) mel 2 
86 lc 748) 28 56 
39 
438 e325 401 Sia 
491 a SaSara 404 b 448 
19 
197 186 193 181 
224 a 247 a 176 b 202 
12 
PRENGT 147 b 209 ab 195 
267 ab 288 a 228 bec 245 
26 

.16 1205 .19 = ute! 
5 hl We ates BOT 5 WS 

= 

22a ORGORG ia .08 
5 KS) ol 29 Seip) 

13 


Classification is according to the Canada Soi] 
*,** Means are significantly different from normal 


Survey Committee (1978). 
tillage at P=.05 and P=.01, 
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higher on the deep plowed Solonetzic soils relative to the deep plowed 
Chernozemic soils. Profile chemistry (Tables 61 and 62, Appendix A) 
does not adequately explain these differences, 

Barley height during 1981 is illustrated in Figure 21. Mean crop 
height and variability in crop height was similar in both tillage 
treatments throughout the growing season. 

Soil moisture content, determined gravimetrically, was also 
monitored during 1981 (Rigtine 22), Taking into account retention 
characteristics! , both soil treatments exhibited similar trends in 
moisture levels. An exception is on the August 6th sampling date, 
where moisture content in the 13 to 23 cm depth was much higher in 
the deep plowed soils. Prior to this date Significant precipitation was 
recorded in the vicinity of this site (Figure 29, Appendix E). This 
perhaps indicates precipitation was more readily transmitted into the 
deep plowed soils, however, sampling depth is insufficient to confirm 
this. 

A summary of crop growth characteristics at site 1 is as follows. 
For oats (1980), deep plowing had no. effect on crop growth 
characteristics with the exception of an increased yield of grain per 
panicle. Crop growth was not influenced by soil classification. There 
was a response of barley to deep plowing during 1981. Despite the 
initially lower emergence, tillering and TDM yield of barley were 


Significantly higher on the deep plowed soils. The grain:straw ratio 


‘For the deep plowed soils, retention characteristics of the 13 to 23 cm 
depth are probably similar to the 0 to 13 cm depth, as bulk composition 
of the soil material (Chapter 4) was similar between the two depths. 
For the conventionally tilled soils, moisture retention at a given tension 
in the 13 to 23 cm depth is likely higher than that of the 0 to 13 cm 
depth. This also holds for the other sites examined. 
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tended to be higher for both oats and barley on the deep plowed soils. 
Barley tillering and grain yield tended to be higher on the deep plowed 
Solonetzic soils relative to the deep plowed Chernozemic soils. Total 
dry matter yield and straw yield of barley were significantly higher on 
the deep plowed Solonetzic soils. Soil chemical characteristics or 
moisture retention characteristics do not adequately explain differences 


in yield characteristics between tillage treatments or soil types. 


6.4.3 Site 2 

Yield components of wheat grown at site 2 during 1980 are given 
in Table 54. On a mean site basis deep plowing affected only TDM 
yield and grain yield; both were significantly increased. Tillering and 
grain:straw ratios were slightly, though not significantly, higher on the 
deep plowed soils. 

There was a tendency for deep plowing to increase certain yield 
components more on the BL.SS relative to the O.BL or SZ.BL soils. 
This is particularly true with respect to TDM yield, grain yield and the 
grain:straw ratio. Grain yield on the BL.SS increased by 42% as a 
result of deep plowing while the maximum increase on the Chernozemic 
soils was 13% (plot 3, SZ.BL). There is also a slight tendency for the 
SZ.BL to respond more to deep plowing than the O.BL. Straw and 
TDM yield was depressed by deep plowing on the O.BL soil, which may 
reflect the higher salinity status in the deep plowed soil relative to the 
conventionally tilled soil (Tables 63 and 64, Appendix A). 

Crop response during 1981 is given in Table 55. Emergence and 
final stem counts of oats were significantly lower on the deep plowed 


soils on an overall basis. Although tillering and single stem yield were 
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Table 54. Response of wheat to deep plowing at site 2 during 1980. 


Geomorphic Sequence 
and Classification! 


Plot { 2 $s} 4 Mean 


Emergence (plants/m2) 


Ci 200 161 230 Px} 9) PHO) 

DP 183 191 182 238 198 

Arn -4 
Stem Counts (stems/m2) 

(Gap 546 569 484 Sai, 534 

DP 534 688 530 627 595 

LL 14 
Tillering (stems/plant) 

Ci 2S SiS 8 WB aS. 2.68 

DP 2.96 Soo S206 2B NSIS) SOs 

ha 15 
TOM Yield (g/m2) 

Call 1071 828 979 872 955 

DP 1009 1078 1029 1019 1034 * 

La 8 
Straw Yield (g/m?) 

Cir Ne: 620 646 55a 633 

DP 634 689 655 661 658 

ho A 4 
Grain Yield (g/m?) 

Cir SHSV7 279 S33 S24 322 

DP S75 397 WAS) 358 Siiomes 

na iL e/ 
Single Stem Yield (g/stem) 

(Op 0.66 0.49 0.69 Ono ORG 

OP Ore © 0.58 OR at OL 7/ 0.64 

h A 5 


Grain:Straw 


CT 0.49 0.45 Ora Ons8 Oman 
DP Ons O)e SKE} ORS 0.54 OFS 
hh 22 


1 Classification is according to the Canada Soil. Survey Committee (1978). 


*,** Means are significantly different from normal tillage at P=.05 and P=.01, 
respectively. 
Values within rows and within tillage not followed by the same letter are 


Significantly different at P=.05. 
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Table 55. Response of oats to deep plowing at site 2 during 1981. 


Geomorphic Sequence 
and Classification! 


Plot 1 2: 3 4 Mean 


Emergence (plants/m2) 


Ci 202 285 235 168 222 

DP 129 77 108 144 tet 

hh -49 
Stem Counts (stems/m2) 

CT S245 472 a 423 a 239 ae 364 

DP 274 Pasi) 237 188 237 2% 

hh -35 
Tillering (stems/plant) 

Gill iia 8} 1.66 si) 1.46 1.64 

DP Zee 3.34 A XG 1.49 2) PS) Ss 

hh 40 
TOM Yield (g/m2) 

@ilj 506 ab 661 a 55 Seal 368 b a22Z 

DP 480 484 343 382 422 ** 

hh =19) 
Straw Yield (g/m?) 

Cy 299 a 36 5a 294 a ket@) Is) 282 

DP 261 239 193 194 22 

bh = 2D) 
Grain Yield (g/m2) 

Gi 207, Db 305 ab 2G 188 b 240 

DP 219 245 150 188 20d 9s 

VAI ahs 
Single Stem Yield (g/stem) 

Gif GBS) 0.65 0.61 0.78 0.67 

DP 0.80 ab OFISea (Osi fe) 1 OO a OFS86 x 

hh 28 


Grain:Straw 


CT OFe69Fb 0.86 ab 0.88 ab 1.04 a OF 87 
DP 0.84 Te O2 0.80 OP SM/ 0). SY 
hh & 5 


Soa enn nnrrnieeemmernemeneremeseeeeeer eee eeeeeeeee  e 
1 


a 


Classification ais accomding tor thes CGanadalsSon | Survey Committee (1978). 

.<“* Means are significantly different from normal Gillagqe at P= 205 tard) b= oO4- 
respectively. 

Values within rows and within tillage not followed by the same letter are 
significantly different at P=.05. 
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significantly higher on the deep plowed soils, this was insufficient to 
overcome the reduced emergence, which resulted in significantly lower 
TDM and grain yields. Straw yield was proportionately reduced, 

The greatest reduction in emergence of oats occurred on the 
BL.o> plot. Am increase in tillering by approximately 100%, however, 
substantially reduced the yield differential relative to the deep plowed 
Chernozemic soils. Grain yield was also higher on the deep plowed 
BL.SS relative to the other deep plowed soils, which is likely due, in 
part, to the proportionately greater yield of grain per single stem over 
its conventionally tilled counterpart. 

Height of oats during 1981 is illustrated in Figure 23. Following 
the initial June 12 date, oats were consistently taller on the deep 
plowed soils. Variability in crop height between tillage treatments was 
similar throughout the sampling period. 

Soil moisture content during the 1981 cropping season at site 2 is 
illustrated in Figure 24. The pattern observed here is similar in nature 
to that observed at site 1 during the same year. Moisture contents 
between tillage treatments and within similar depths exhibit similar 
trends. There is a tendency, however, towards hiaher moisture 
content in the deep plowed 12 to 22 cm depth relative to the equivalent 
depth in the conventionally tilled soils. This difference may reflect 
increased depth of water infiltration, reduced evaporation and/or 
increased retention within this zone. All of these changes have been 
observed in previous studies on mechanically disrupted soils (Eck and 
Taylor, 1969; Fehrenbacher et™al., 1958). The soil moisture»peak on 
July 23 follows a period of high precipitation (Figure 29, Appendix A). 


To summarize, deep plowing had little influence on the yield 
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components of wheat (1980) at site 2 other than Significantly increasing 
TDM and arain yield. Effects of deep plowing appeared to be more 
beneficial on a Solonetzic soil (BL.SS) relative to Chernozemic soils 
(OES Pom es ZBL): Oat yield during 1981 was depressed by deep 
plowing, despite significant increases in tillering and single head yield. 
The yield depression appears to be associated with significantly lower 
crop emergence, even though surface crusting was not pronounced at 
the time of emergence nor is the strength of the soil crust significantly 
higher (Table 50, Chapter 5). Although yield was depressed relative 
to the conventionally tilled soil, the BL.SS responded more favourably 
to deep plowing through greater tillering and greater single head 
yields. Soil moisture during 1981 was always higher in the 12 to 22 cm 
depth in the deep plowed soils, which may reflect greater infiltration 
into this zone relative to the equivalent depth in the conventionally 


tilled soils. 


Op uIgne VSIe 5) 

Differences in the growth components of oats at site 3 during 1980 
are given in Table 56. Overall emergence was slightly higher on the 
deep plowed soils. An opposite trend was observed with respect to 
stem counts at harvest, which reflects significantly lower tillering of 
oats on the deep plowed soils. Yield parameters were similar between 
both tillage treatments although there was a slight increase in TDM, 
grain and straw yield of approximately 10% due to deep plowing. Grain 
yield per panicle was significantly higher, overall, on the deep plowed 
soils. 


‘ost of the soils exhibited similar growth and yield patterns. 
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Table 56. Response of oats COMGeSOEploOWwinguat site os during 1980. 


BL.SS BL.SS BL.SS 


Geomorphic Sequence 


and Classification! (BL.SO) (BL.SO) (BL.SO) 


Plot 1 2. 3 4 Mean 


Emergence (plants/m2) 


Ci 168 201 145 168 170 

DP 183 190 187 iTS) 184 

hh 8 
Stem Counts (stems/m2) 

Gili 221 268 a 11825 178 b 2h? 

DP 259 a iene Ie: iis GS 198 b 196 

I A -8 
Tillering (stems/plant) 

Gli they Clin) 1. ee! 1 BS) Oks; hn Be! 

DP Weer el i s@st (9) ©). #0 © Ws eh Va) 1 OSes 

AN -13 
TOM Yield (g/m2) 

(Gif 862 a 992 a 586 b 424 b T16 

DP 1081a 791 b Bae} © 726 be 787 

VAAN 10 


Straw Yield (g/m?) 


Cal 494 a Sibert B10 1b 229 330 

DP 607 a “ANayy| 9) 29076 S768 DC 431 

VAN 14 
Grain Yield (g/m2) 

Ci 368 b 467 a As JoXe is. & 326 

DP 474 a 340 b 263 b ISTO) je) 357 

VAT 10 
Single Stem Yield (g/stem) 

Gil 1.66 ie fe! th. SO) Ve abu tea cnt 

DP 1.84 Wn CFS! 2 XO)s} We 1S Vl otehey ee. 

ha PIR 
Grain:Straw 

Ci ©). H//D) 0.89 0.88 Oneo 0.84 

DP Oh. 72) © .75 Oni OnsSS OVes 

hm A { 


1 Classification is according to the Canada Soil Survey Committee (1978). 


*,** Means are significantly different from normal tillage at P=.05 and P= .014, 
PESPEGCEIVELY . 

Values within rows and within tillage not followed by the same letter are 
Significantly different at P=.05. 
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Plot 1, however, was the highest yielding plot within respective tillage 
treatments while plot 4 generally exhibited the greatest response to 
deep plowing. Chemical attributes of the soils (Tables 65 and 66, 
Appendix A) cannot account for these trends. 

A marked response of barley to deep plowing was observed during 
1981 (Table 57). Total dry matter yield increased by 142% with a 
similar 126% increase in grain yield. Unlike responses measured at 
previous sites, grain:straw was significantly lower on the deep plowed 
soils. There again was a tendency for plot 1 to be high yielding. 

During 1981 the barley crop was visibly stressed on the 
conventionally tilled soils, The stunted growth relative to the deep 
plowed crop was especially visible and is illustrated in Figure 25.00n 
all dates inclusive of July 9 to August 6 barley on the deep plowed 
soils was significantly taller. 

Soil moisture content over the 1981 growing season is shown in 
Figure 26. Patterns between tillage within equivalent depths are 
similar, although the 0 to 14 cm depth in the conventionally tilled soils 
tended to be drier during the first few weeks. If moisture retention at 
a given tension is higher in the 14 to 24 cm depth of the conventionally 
tilled soils relative to the deep plowed soils (this is anticipated as in 
most instances this is a Bnt horizon) then on most dates there is more 
water available in this zone in the deep plowed soils. 

The pronounced response to deep plowing could be due to several 
Pacions. Soil reaction in the conventionally tilled Ap horizons is 
moderately to strongly acid (Tables 43 and 44, Chapter 5). Barley is 
not tolerant of acid conditions and it is highly likely the appreciable 


exchange acidity present in the conventionally tilled soils (10.0 me/ 
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Table 57. Response of barley to deep plowing at site 3 during 1981. 

Geomorphic Sequence BL.SS BL.SS BL.SS 

and Classification! (BL.SO) (BL.SO) (BL.SO) 

Palione 1 2 3 4 Mean 


Emergence (plants/m?) 


Ci Niveau Neva 162 i 7/15) aA 

DP DYB ae 166 192 200 

AN 17 
Stem Counts (stems/m2) 

CT 194 203 176 161 183 

OP 2508-a 254 a 187 224 ab 23.0) =* 

hh A 26 
Tillering (stems/plant) 

Ci fo 1) | 24, 1.08 0.93 1.08 

DP ©}, SIs} te) 1.48 a VV ws ls UE) ete) vole 

bh ic) 
TOM Yield (g/m2) 

iy 22 DNS 187 170 196 

DP 529 a 559 a S32ab 416 b 474 ** 

hh 142 
Straw Yield (g/m2) 

Ci W222 116 108 93 41 (8) 

DP Siliaava Citas 240 b ZAvion® 280 ** 

aN 155 
Grain Yield (g/m?) 

Gil * 90 99 ffs) 78 86 

DP 216 a 242 a S25 169 b 194 +** 

PN 126 
Single Stem Yield (g/stem) 

Citi 0.46 0.48 0.45 0.48 0.47 

DP 0.84 b OFO'5 a @) fii) [o) Os Wey {s) 0-84 *+ 

SEIN 79 
Grain:Straw 

Gill ORs 735 ORs 0.84 0.79 

oP 0.68 0.76 0.63 0.68 0.69 ** 

bh Sas) 

ee 
Classification is according to the Canada Soil Survey Committee (1978). 

*,** Means are significantly different from normal tintTage ak P= O5mandap=sOne 
respectively. 
Values within rows and within tillage not followed by the same letter are 


Significantly adifferemt at P=.O5:. 


(ain) ofeit oe 


ei 
7? Oe @ ti o tee 
rer Yi 
(®ric! bral? ofen®: 
Rt ev Mg bal 7 ae 
7 £27 @ me 2 9er me St « ofc 
et af 
jeerelat etely sete Wtgree’ 
t+@ fe > 36.0 a £ oi @ Ww re 
oo 0 -C se @ ito o te eay fae - 
of _ a? 
Pra Se 
ay a = © - p as t 
“- €@.0 ca 0 ms) s : 
er = _ : 
: =a. oO - 7 i 7 7 — ce 
(ele i epthrrmd qecruwe |! st amenay en @? ef fees eesieh : 
76.<0 bone BG .«% d6 eget! ts fowam Govt cp yetern a6 ee. i ; 


eve ~ertel Gear Ont ya Gendt c* nang cea esl 


a = (¥ 
: 


202 


Se 
etl em 
eBbe\!] pemojgq deeg 


8 I 


X @---@ 


ebeyji, |eWwsON 


"€ BJLS Je uoseas bULMOUH TgGI B9Yy2 YdAO Aalurq jo WUBLEY 


ajeqg 
‘Bny | Aine | eunr 


"G2 aunbly4 


(w9)}Y4Y6iayH dog 


 sfte ga nezsae palwig 150! eit veyo yslrsd Yo Fapic 2 onaht 


203 


"IS86T HBuLunp € 82LS 32e WNLOSs uaddn ayy Jo 2Ua}ZUOD auNZSLOW [LOS 


: 'bh ez da: 
LLL O'7%% =6LN: 
ace e/L- 
Pwo r-0  (%)4Q 


WI¢~e-pL O—po 
Wd plL-O 
eBell11 pemojgq deeg 


O—o 


ee re ab WC a 


WI plL-O 
ebeyjit jewson 


@- --e 


6L 


isnbny 


€c 


9}eQg 
Aine 


aunr 


Se 


LL 


"92 aunbly 


(%) 


110 


ainysiow 


_ 
- 
a Ts) 


) lay amo 


| ate <0 ++ 


= =at = 


a 


- 


ogaiit ‘pow ad 


m9 ar-0 o==0 
moest-'F Oe 


4 
’ 
’ 


eerseteresre 


7 


o_o . ces 80: 


ee neem pasegaseeesh 


: 
™ - ry eo 
= het ontevh € este 2a culos Seqqu eff Ya teatro wrutetom Fine =o ruplt. 
7 
— 
7 
3S 


100 g) has resulted in some degree of Al and/or Mn toxicity (Hoyt and 
Nyborg, 1971a, b). The liming effect has resulted in a Significantly 
higher pH and Significantly lower exchange acidity in the deep plowed 
soils, thereby providing conditions more favourable to barley growth. 

It is also probable that alteration of moisture retention and 
movement characteristics by deep plowing has partially contributed to 
crop response. Relative to 1980, 1981 was a very dry year. The 
beneficial effects of profile disruption techniques are more pronounced 
when moisture is a factor limiting crop production (Burnett and Hauser, 
1968). 

To summarize, deep plowing had little effect on growth and yield 
components of oats grown in 1981, although there was a slight 103 
increase in yield. During 1981, growth and yield of barley was 
significantly higher on the deep plowed soils. On the conventionally 
tilled soils barley was stressed and stunted which resulted in very low 
yields. The "liming effect" of deep plowing is believed to be 
responsible, in part, for the marked increase in yield. More efficient 


use of moisture may also be a factor contributing to barley response. 


6.4.5: Site 4 

Wheat was grown at site 4 during 1980 and 1981. Growth and 
yield characteristics were similar during both years so will be discussed 
together. Emergence during 1980 was significantly higher on the deep 
plowed soils (Table 58), which primarily reflects a marked increase in 
emergence on plot 4. The reason for this increase is unknown, unless 
it reflects improvement of the initially poor mullgranoidic iunctic fabric 


present in the conventionally tilled soil (Chapter 4). Emergence was 
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Table 58. Response of wheat to deep plowing at site 4 during 1980. 


Geomorphic Sequence DB.SS 
and Classification! 


Plot { 2 3 4 Mean 


Emergence (plants/m2) 


Gap 199 204 PUSA 65 180 

DP 168 228 169 305 BNI Sas 

LL 2 
Stem Counts (stems/m2) 

Gili SKONS) 280 BRS) 154 247 

DP 387 469 392 438 ADA es 

var 70 
Tillering (stems/plant) 

(Cap il 5 Sie) Hino 1.00 2.39 ile eye 

DP P) EXO} PN 2.30 1.42 2 OE} 35 

Tle 29 
TOM Yield (g/m2) 

Ci 369 ab 350 ab ASiGia 2A 255 

DP 680 b 9i7 a 585 b 634 b OAS 

VAAN 98 
Straw Yield (g/m?) 

Ci 2A) 214 PLIES) 154 Dali 

DP 414 b SO 359) 5 384 b S3Surt = 

Vaan 103 
Grain Yield (g/m?) 

(GF 148 b SKS. I9) 178 a ISAS 139 

DP 266 b B22 7a DX S 250806 26 Gm 

LL 31 
Single Stem Yield (g/stem) 

Gil 0.49 0.49 ‘OPiS 0.60 O}, sits! 

DP 0.68 0.69 0.60 O259 0.64 

ha 10 


Grain:Straw 


CT 1} 22) 0.87 0.73 0.88 0.98 
DP 2.36 0.93 0.99 0.70 4.25 
IIe 28 


1 Classification is according to the Canada Soil Survey Committee (1978). 

*,** Means are significantly different from normal tillage at P=.05 and P=.01. 
respectively. 

Values within rows and within tillage not followed by the same letter are 
Significantly different at P=.05. 
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unaffected by tillege in 1981 (Table 59). Moderate crusting was 
observed on the deep plowed soils but, like the other sites, the 
crusting generally occurred after crop emergence. Final stem counts 
and tillering during 1980 was significantly higher on the deep plowed 
soils. These were not determined in 1981. 

Straw, grain and TDM yields were significantly higher on the deep 
plowed soils both years. The degree of response, however, was 
greater during 1981. This may reflect the greater anticipated response 
during dry years (Burnett and Hauser, 1968). There was a tendency 
towards higher grain:straw ratios in the deep plowed soils. 

Most plots responded to deep plowing in a similar manner during 
both years, Plot 1, however, was consistently in the lower yielding 
group and plot 2 was consistently in the higher yielding group of the 
deep plowed soils. This may reflect the differences observed in 
emergence; emergence was consistently lower on the deep plowed soils 
of plot 1 relative to the conventionally tilled soils, with the reverse 
being true for plot 2. Single stem grain yields were similar for both 
plots during 1980 (Table 58) and therefore this cannot explain variation 
in yields. Chemical attributes of the soils (Tables 67 and 68, 
Appendix A) are also similar and therefore are not likely responsible 
for the observed variation in yield. 

Wheat height during 1981 was consistently higher on the deep 
plowed soils (Figure 27). Height of wheat tended to be more variable 
on the deep plowed soils, particularly in the latter growth stages. 

Trends in soil moisture content during 1981 are given in 
Figure 28, Moisture content in the 0 to 12 cm depth are _ similar 


between tillage treatments. The higher moisture content in the deep 
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Table 59. Response of wheat to deep plowing at site 4 during 1981. 


Geomorphic Sequence 
and Classification!’ 


Plot 


Emergence (plants/m2) 


eq 
DP 
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TOM Yield (g/m?) 


Straw 


Grain 


Grain: 


em 
DP 
to A 


Yield (g/m2) 
On 
DP 
Vaan 


Yield (g/m?) 
CT 
DP 
% 


Straw 
Gili 

OP 
LL 


1 Classification 


respectively. 


Values within rows and within tillage not followed by the same 


{ 2 3 4 Mean 
194 223 207 225 Dah 
179 251 260 226 ab 229 

fs) 

110 102 392 130 108 
237 304 345 316 a 300 
178 

60 59 54 Wh 61 
129 164 182 168 a 1614 

164 
50 43 38 60 47 
108 140 163 148 a 140 
198 
82 ie 0.69 84 Osu 
83 .85 0.893 88 0.86 
12 
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iS according to the Canada Soil 
*,** Means are significantly different from normal 


Survey Committee (1978). 
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plowed soils during June relative to the conventionally tilled soils 
reflect the observed change in retention characteristics. Up until 
mid-July water content in the deep plowed 12 to 22 cm depth is higher 
than that in the conventionally tilled soil. After this date a reverse 
pattern-occurs: This type of pattern has been observed elsewhere 
(Eck and Taylor, 1969; Cary elmaley, 967-6 Mech et al7701967 mand is 
associated with higher initial water storage in the deep plowed soils 
followed by greater water extraction by crops at depth. Although this 
pattern generally occurs at greater depth, the similarity between 
previous research results and the trends shown in Figure 28 suggest 
greater efficiency of water use in the deep plowed soils is a major 
factor contributing to crop response. Increased WUE also helps explain 
the increase in grain:straw ratios from deep plowing, since efficiency of 
grain production increases more than efficiency in TDM production (Eck 
and Taylor, 1969). Since wheat is only moderately tolerant of soil 
acidity (Hoyt et al., 1974), the liming effect of deep plowing likely is 
significant in crop response as well. 

Criteria used to assess the deep plowing potential of Solonetzic 
soils do not adequately explain the observed crop response. Soluble 
Gace levels of 20 to 25 me/L (Sandoval, 1979: Hermans, 1980, as cited 
by Peters, 1982) should be present within plowing depth. For the most 
part soluble @an* within plowing depth in the conventionally tilled soils 
is <4 me/L (Table 67, Appendix A). After deep plowing soluble ones 
values remained low (Table 68, Appendix A). Kjearsgaard (1980) states 
areas with >303 soft rock (modified Cretaceous sediment) should not be 
deep plowed, although further research is needed on this topic. Fifty 


percent of the soils examined contained modified Cretaceous sediment 
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within the upper 1.25 metres. Plowing depth, however, was 
insufficient to incorporate this material within the deep plowed soils. 
Lavado and Cairns (1980) evaluated the deep plowed soils at this site 
under adequate moisture conditions in a greenhouse experiment. They 
observed a depression in barley yield which was associated with the low 
oe Status of the C horizon. Based on the observed crop response at 
site 4, the above criteria and methods of assessing the plowability of 
Solonetzic soils cannot be accepted as being absolute. 

To summarize, deep plowing resulted in significantly higher yields 
of wheat during 1980 and 1981, despite criteria which indicate the 
plowability of the soils was questionable. Crop response was more 
Pronounced during the drier of the two years (1981) and appeared to 
be related to water content and possible extraction patterns as well as 
increased soil pH and reduced exchange acidity resulting from deep 
plowing. Lower yielding areas of deep plowed soils may be a function 


of reduced crop emergence. 


Gal Oey Olena) 

Crop response characteristics for site 5 were determined only in 
1980. Results for oats are given in Table 60. Although emergence was 
not measured, significantly fewer stems in the deep plowed soils 
suggest emergence was reduced. Crusting, as indicated by modulus of 
rupture (Table 50, Chapter 5) is a potential problem at this site. 

Overall grain and TDM yields were significantly higher and straw 
yields were correspondingly higher on the deep plowed soils. Grain 
yield per panicle was also significantly higher on the deep plowed soils. 


There was a tendency towards higher grain:straw ratios on the deep 
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Table 60. Response of oats to deep plowing at site 5S during 1980. 


DB.SS 


Geomorphic Sequence 
and Classification! 


(DB.SO) 


Pilot 1 2 3) 4 

Stem Counts (stems/m2) 
CT Si 268 347 269 
DP 265 214 228 2a\8 
h A 

TOM Yield (g/m2) 
Cif 566 488 417 362 
DP 518 502 618 25) 
Vaan 

Straw Yield (g/m2) 
Cis 326 2 269 246 
DP 250 296 297, 400 
yA aN 

Grain Yield (g/m?) 
Ch 240 269 148 116 
DP . 269 206 B22 325 
hh 

Single Stem Yield (g/stem) 
Gi 0.76 TO? raS .43 
DP U 5 OY 79S .45 52h) 
LL 

Grain: Straw 
Ci ORS U axis) SS 47 
OP ub he OR .45 .83 
Var 

' Classification is according to the Canada Soil Survey Committee (1978). 


~~ Means are significantly differen: from nonmal 


respectively. 


Values within rows and within tillage not followed by the same 


SiTomMi Micah tly ditterent at P—,O5- 


letter are 


Mean 


2305+= 


tillage at P=.05 and P=.01, 


cae 


ap ewe 


y oe 
Deh ori-wl-® effete @eetta eot,bt s190-3e. 88109 a ao staat 
yy. a - + 
a - ie @ 
x" . 
» : 


ee 
cea 


af) a2 ~ , 
poe BO) (OF Act a stinqoeesee 
_ Thos sent ti eset: _ 
ha 
Da : : 7 S 
: e : ‘ is 
—— 7a ail 
Sa =n ————————— : 
iEw\enore) etruad were 
75 - 
- Ve » > 1s a ~ 
° ° rte a Pall) i ‘3p : 
OF ._ 
(tech olal? ut 
‘ es f 92 -_ 
7 ie 4 30 
bz 
=. 
Fro) — waete 
; vm © o4 4 
’ . e wes ro ; 40 : 
: > » aR : 
(eho) efety saw. 7 
ae ) - > a 7 
re ac - 
‘ ory ee | ane > 
. Sx P 
Lewes yg) Dist? mmr? slens 
9 iw | » 2 e648 sr 4 > ee 
. 12 ia ré..1 ‘69. €o. 1 
JY) | » ¢ eo. . e).° 
oi 1 oe e> ' a 
- ; 
O10" } o/@ | emalz aon toe gper¢gu wy aa - > » 


ro o@ £6 Go. 9* 8 oyne vty teen =< 1! ret 


=-% wrse? a=es a eo be afro? mont opal 


plowed soils. 

Plot 4 responded with the highest deep plowing yield and the 
greatest response to deep plowing relative to the check soils. 
Chemistry of the profiles (Tables 69 and 70, Appendix A) does not 
explain the differences. 

In a manner similar to site 4, these soils are deemed unplowable 
according to current criteria; modified Cretaceous sediment is present 
within 1m of ground surface (Table 28," Chapter 4) and insufficient 
soluble ea is present. Like site 4, however, there was a positive 


crop response resulting from deep plowing. 


6.5 Summary 

Response of various crops to deep plowing was evaluated at 
various locations on a variety of geomorphic soil seauences. There was 
a positive crop response to deep plowing at all sites during at least one 
of the two years. The response occurred with all crops evaluated 
(wheat, oats and barley); over all site years, no single crop type 
responded more to deep plowing than others. There was a general 
tendency for most crops to respond with higher TDM, grain and straw 
yields. Higher grain yields were frequently associated with increased 
yield of grain per head and in most instances the grain:straw ratio was 
higher on the deep plowed soils. Crop emergence was frequently lower 
on the deep plowed soils but in many instances this was compensated 
for by increased tillering. 

Two factors appear to be related to crop response. Increased soil 
reaction and reduced exchange acidity resulting from deep plowing are 


implicated in the response of barley at one location (site 3) and the 
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response of wheat at another location (site 4). The fact that increased 
pH is important in crop response was previously reported (Cairns, 
1972a, b) and is supported by research on liming of acid Solonetzic 
soils (Hoyt etal, 1967). 

Greater depth of penetration of moisture and greater extraction of 
moisture by crops on the deep plowed soils is implicated, though not 
confirmed, in crop response. Previous studies (Eck and Taylor, 1969) 
indicate greater water use efficiency by crops results from profile 
disruption when crops are grown under moisture deficient conditions 
and the WUE of qrain production is more pronounced than that for TDM 
production. This would explain the greater grain yield per head and 
the higher grain:straw ratios of most crops grown on the deep plowed 
soils. Where the same crop was grown at the same site in consecutive 
years (site 4), response to deep plowing was more pronounced during 
the drier of the two years. Crop response did not relate well to soil 
chemical criteria (other than pH) currently in use. 

Crop response to deep plowing was not as pronounced when 
Solonetzic and Chernozemic soils were associated within the landscape 
relative to locations where only Solonetzic soils were encountered. Crop 
response to ‘deep plowing the Chernozemie™ soils (O8BL, ~SZ,Bie) "was 
generally less pronounced than that on the associated Solonetzic soils 
(BiSOe Bi.5S)% In some instances yield was depressed by deep 
plowing the Chernozemic soils. Kjearsgaard (1980) stated "all soil areas 
can be deep plowed, but economics dictate that certain areas should not 
be," and he further indicates areas with >50% non-Solonetzic soils 
should not be plowed. The limited response observed at those sites 
with 50% or more of the sampled area occupied by Chernozemic soils 


supports Kjearsgaards assessment. 
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7. CONCLUSIONS AND RECOMMENDATIONS 


7.15. Comelusions 

Morphological and micromorphological characteristics of deep plowed 
and conventionally tilled Solonetzic and related soils were evaluated at 
five locations in east-central Alberta. At the two northern most 
locations, where relief is hummocky, 50% or more of the soils examined 
were Chernozemic (SZ.BL or On bia Only Solonetzic soils were 
encountered at the three remaining locations; diagnostic criteria were 
frequently lackina in these soils such that great group classification, in 
many instances, was not possible. 

Mullgranic//mullgranoidic was the dominant fabric of the Ap 
horizons in the conventionally tilled soils at most locations. At one 
location the Ap horizon was comprised of mullgranoidic iunctic fabric 
which may reflect a moderately coarse parent material, intense 
eluviation, severe degradation by management, er a combination of all 
three. Transitional horizons (AB) were dominated by _ insepic 
porphyroskelic fabric. © This fabric was frequently observed in the 
upper Bnt horizons and therefore may reflect an eluvial zone currently 
evolving through the process of solodization. Lower Bnt horizons 
consisted of ma-, mo- or skelsepic porphyroskelic fabric or combinations 
of the three. Plasma separations are more pronounced within this zone 
which suggests illuviation within this zone at one time was intense. 

Deep plowing resulted in redistribution of genetic materials. 
Former Ap horizon material (mullgranoidic) was mixed with B horizon 
material (porphyroskelic) to produce a unique mixed complex 


mullqranoidic//porphyroskelic or similar fabric. Areas of intact Ap 
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material were observed at depth but not at the immediate soil surface 
where the sites were plowed with the three-layer plow. Where a single 
bottom plow was used no intact zones of Ap material were observed, 

The unique soil fabric created by deep plowing has many 
characteristics which differ from the original fabric. Strength and 
plasticity are higher while stability is lower in the deep plowed Ap 
horizons compared to the conventionally tilled Ap horizons. These 
changes, to some degree, are associated with increased total clay, fine 
clay and smectite and decreased total C and total N. Soluble and 


a8 and Na’ and SAR and ESP also increased as a 


extractable ea M 
result of deep plowing, although these changes were generally confined 
to sites where the soils were dominantly Solonetzic. Deep plowing 
increased soil reaction and decreased exchange acidity in the Ap 
horizons at all locations. 

Crop response to deep plowing was evaluated during 1980 and 
1981. There was a positive response to deep plowing at all locations 
during at least one of the two years. The response did not appear to 
be related to crop type but was dependent upon the geomorphic soil 
Sequence present. Crop response was more pronounced at those sites 
where the landscape is dominated by Solonetzic soils as opposed to 
Chernozemic. soils. Two factors appear to be important in crop 
response phenomenon; first, reduced exchange acidity and increased 


soil reaction; and second, altered soil-water-plant relations and 


increased water use efficiency. 
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7.2 Recommendations 


Since properties of the deep plowed seedbeds are quite different 


from those of the adjacent, unplowed soils, it is recommended that the 


ceep plowed soils be managed as separate parcels. Management should 


include the following. 


(1) 


(2) 


(4) 


Perform tillage operations at lower moisture contents relative 
to the surrounding areas, to prevent the possibility of soil 
slaking. 

Increase the seeding rate on the deep plowed soils to 
compensate for the increased crusting tendency and crust 
strength observed in the deep plowed soils. 

Cropping patterns should differ between the conventionally 
tilled and deep plowed soils. In a multi-crop farm operation 
Oats "are “better ™ suited) “tor production “Yone “the  Gacid. 
conventionally tilled soils because of the high tolerance of 
oats to acid conditions. Wheat and barley should benefit more 
from the "liming effect" of deep plowing, therefore, it is 
recommended these crops be grown on the deep plowed soils. 
Further, barley is tolerant of the higher salinity levels 
encountered in the deep plowed soils and, therefore, is better 
Suited for production on these soils. 

All crop residues should be incorporated into the deep plowed 


soils to compensate for the reduced soil tilth. 


The economics of deep plowing landscapes which contain significant 


inclusions of Chernozemic soils is questionable. Although Chernozems 


appear to respond favourably to deep plowing, the response is lower 


compared to that observed on Solonetzic soils. In consideration of this, 


teesathls <fiyp ot enodvane: aaa 
> 


ett) Tait? Gabrgnineryt 1 2 atta 


niueets tasmenenaM .eleotes sagas an » Bapenani ad see bower ajoed: 


te | gia oni pba 


yetom yaw 14 noite 908 > vpaaily enh #8 rT 


a 

toe te wrilieteesg ant tasvesq O38 .2ee1 onibauoraee ait at oe: 
_ — 

apnidete = 


_ 
=i [6Gcatl}) 6m «ees piiiiase edt gzesTon! | is) = 


7 
: 


"] e 9 i< Qe id 
- 
srabast Snitecs> Detmevat Sn OF sieeriagnns 
‘atine bowl qast at at bev ede Monee : 
~nevrers att copied “GT lioite-enisiteqr priqnet 4) = 
~ ae 
ooo Mme? ceisler BN _afing Gewalqg qeab bane bellii - 
wi i near tye] ’ feiiie ettiad $7 25 00: 
in gonasale® ipid atte 4d -eevied atina fhotiit yvilenonfinwnes 
ae * 4) Dhete relied tre ter -ianel~t99 Sion Go! e150 
g) 1 ed) iy, qurhe) 3 3 Mo ovesti" af? one - 
unite geet or no Pennp vd eget seo? Connsemoysy » abe 
‘ tintiae teetoich orl? Yo seurvato? et yatved =e 
ei? cestevet? .bve zliog Dewhly qesh-ertt of bevermyoss 7 


slime saartd to falioubord 207. botive ed 
bewola Geet ald cir bere og ani wd Glorté peusinen sent ("4 he 
ett. tie beaut ve oct? al sasenecinins ol elioz 


Inaciheeia nésinua doutw saqesebi! priwain qoety % 
ie 


a = - 


218 


the following recommendation is given. 

(5) Detailed soil surveys should be conducted on areas being 
considered for deep plowing. The survey should be designed 
to differentiate between the proportion of Solonetzic versus 
Chernozemic soils. Determination of exchange acidity or soil 
reaction in CaCl, may be desirable. 

In this study chemical criteria, excluding soil reaction, were 
generally inadequate for predicting or evaluating crop response. 
Considerable research indicates changes in the soil-water-plant regime 
ISeedu major a tactor contributing to crop response on mechanically 
disrupted soils. This line of research should be evaluated under 
Alberta dryland conditions. 

(6) Future research on deep plowing of Solonetzic soils should 
emphasize water movement, retention and extraction patterns. 
Hydraulic conductivity and bulk density of Bnt horizons and 
associated root development characteristics are seen as 
important characteristics governing the productivity of 
Solonetzic soils. Relative changes in these properties 
following deep plowing are viewed as major factors 


contributing to crop response. 
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Table 7]. ANOVA tables relating to the salinity status 


x** 


in the Ap horizons. 
Property Source DF SS 
Sia a 5S te a es en ae a ee ae 
PH Sat Tillage 1 18550 
Paste Site 4 iS altetts) 
Tillage*Site 4 2-38 
Error 30 4.92 
Total 39 31.68 
EC Tillage 1 8.56 
Site 4 2.98 
Tillage*Site 4 Ws SIZ 
Emimor 30 6.03 
Total 39 19.49 
Saturation Tillage 1 84.10 
Percent Site 4 534.60 
PiMlaqgesSite 4 119.40 
Enno 30 489.00 
Total 39 UZ2 TI VO 
Ca Tillage 1 177.99 
Site 4 24.54 
Tillage*Site 4 2a 
Eiizor: 30 87.04 
Total 39 Sy T/ 0) 
Na Tillage 1 426.41 
Site 4 469.31 
TidWtiage*Site) 4 let. 38 
Enmor 30 370.08 
Total 39 1427.78 
Mg Tillage 1 32.04 
Site 4 18.62 
Tillage*Site 4 Wey ee 
EIMrelr 30 42.16 
Total 39 111.34 
K Tillage 1 ORO3i72 
Site 4 0.3616 
Tillage*Site 4 0.0058 
Ermer 30 0.3616 
Total 39 0.7662 
SAR Tillage 1 S940 
Site 4 228,97) 
im Wage=si te 4 28.94 
iainolr 30 Sh, GIS; 
Total BIE) SSOR© 
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Table 72. ANOVA tables of extractable chemical properties 
in the Ap horizons. 


Property Source DF SS MS F 
Se ee eS ea Se ee Sa are ee Pe a ey Sa Re 
Ca Tillage { WIPES) 5 NGS ah 7AS) 2 NE GOR S 2a 
Site 4 98.45 24.61 0.41 
Tillage*Site 4 653731 16S 238 PLS SS) 7 
Etmror 30 1779.92 SIS) 2K} 
Total 39 4306.84 

Na Tillage { Seco se) Ge) Wiehe Shey 22 
Site 4 40.02 10.01 273 OMe 
Tillage*Site 4 ck! i ota! 2} 3S 
Error 30 ae i 0.47 
Total 39 70.96 

Mg Tillage { 63.98 63.98 Fi} NOS 2, 
Site 4 29.81 i245 Se Bas 
Tillage*Site 4 iss 2299 Co 9B = 
Enimor 30 26.390 ©) , Sk) 
Total 39 132564 

K Tillage 1 0.0007 O.0007 OO) 
Site 4 0.4465 Opt tas 5 Se 
Tillage*Site 4 On22S'5 0.0574 OF ia 
EGRor 30 2222710 0.0742 
Total 39 2.9038 

Ca:Na Tillage 1 120.41 120.41 S542 
Site 4 2035739 508.85 eA CWE 
Tillage*Site 4 180.30 45.07 Wy 5 PRs} 
ERnog 30 OS iene Some 4 
Total 39 S39 9R24 
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Table 73. ANOVA tables of exchangeable chemical properties 
in the Ap horizons. 


Proper ty Source DF SS MS F 


PH CaCl, Tillage { aoe 42.85 2d 2 Si EF 
Site 4 Pea fo1| 0.68 3240) * 
Tillage*Site 4 5). 20 1236 Gro) ss 
Esmee 30 Ga 0.20 
Total 39 56.88 

Exchange Tillage 1 498.86 ASSES NOS. 6S erie 

Acidity Site 4 SI. ISS) 10.00 D2) V8 
Tillage*Site 4 SaaS PANS) ORAT 
saiper 30 IS. 6S 45'S 
Total 39 685.09 

MEE Tillage 1 ya Ure elt) 4.35 Wl SHS) 
Site 4 SD DT SSR OT PES “Heh 7243 
Tillage*Site 4 Saal 20a (ye eksy Ss 
Enron 30 95.66 3 
Total 39 S567168 

Exch Tillage 1 4.01 4.01 ishaisheh eet 

Na Site 4 PhS era | Ven PRS SONG fF 
Tillage*Site 4 4.82 V2) al la se 
Error 30 8.82 On 23 
Total BIS) 46.89 

ESP Tillage { 103.36 1OGmais 8.14 ** 
Site 4 1699.24 424.8] 22 ABE 
Tillage*Site 4 TAiveeas DOE S'S Zero 
Error 30 380.64 12.69 
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Table 74. ANOVA tables for phyllosilicates in the Ap 


horizons. 


Clay 
Mineral 
Group 


Smectite 


Kaolinite 


Chlorite 


Taber /5e 


Tillage 1 
Site 4 
Tillage*Site 4 
Bnmenr 30 
Total 39 
Tillage 1 
Site 4 
Tillage*Site 4 
Error 30 
Total 39 
Tillage 1 
Site 4 
Tillage*Site 4 
Enror 3© 
Total 39 
Tillage 1 
Site 4 
Tillage*Site 4 
Error 30 
Total 39 


in the Ap horizons. 


Property 


Carbon 


Nitrogen 


Source DF 


Tillage { 
Site 4 
iiitace*sn te 4 
Eniror 30 
Total 39 
Tillage 1) 
Site 4 
Tillage*Site 4 
Enron 30 
Total ig, 


SS MS 
Wh SISiF/ 14.957 
5.641 tia 
al Seyi) 0.408 
PA ANTE OF OS 
24.948 
Oye PAS OmI26 
0.041 0.010 
ORONa 0.002 
0.019 0.000 
js WS)7/ 


ANOVA Tables for organic matter characteristics 
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Table 76. ANOVA tables for Particle size distribution 


in 
the Ap horizons. 
Particle 
Size Source DF SS MS 
WSS tenets esas eseeeese. 22 ESS SS 

Sand Tillage 1 105.95 KOs eS) 5: 5258 
Site 4 WEE! a! 340.36 Wiens == 
Tillage*Site 4 180299 45.25 2536 
Error 30 574.94 Wishes ANS 
Total 39 PLEIN EN) 

Sate Tillage 1 WML KO 23) x3) Gracie. 
Site 4 294.84 Ue 355s) + 
Tillage*Site 4 T8554 46.38 2a 
Ergot 30 576.86 lS) 2s} 

Total 39 lini S204 

Total Tillage 1 454.95 454.95 O4e 2 3 

Clay Site 4 468.08 WU OP 828) += 
Tillage*Site 4 5.50. hn Shi 0.10 
piper 30 398.76 Whe 2S) 

Total 39 12729 

Fine Clay hil lage 1 Hes 1S) eso ANC @ i= =o 
Site 4 28 SOE: 32.01 (aon Fx 
Tillage*Site 4 12.86 3.21 O78) 
Error 30 122.46 4.08 
Total 39 431.88 

Fime Clay: Tillage 1 0.03906 0.03906 56S) 
Total Clay Site 4 OM258 2 OL Ost 4's 4.58 ** 
Tillage*Site 4 0.07823 0.01956 23 Ole 
Error 30 0.20618 0.00687 
Total 39 0.44928 


249 


as : - yr mY) 4 
1 a - 
ore as ae aa cy 

a noe tel are emg Ot oe al 

- ; ; _ 


% eu a2 


oa *@ co2 To e re 2 aet oe ee ote Ses ee = oe net 7 
-cn.2 er : of. Oot peeteiy: 
ee oe a.oee weet ore a 
ant =r 2) ey oo b erfr*agerlit - 7 
a) 2) ate) 6G 10348 is 
eames 2e4 2 7eS2ee2 a ——- - 
+e. €98¢ ee tarot 
af Dine, — See ee ee Pe te See ees 
+ cf.8 oe. *tt oo ret ‘ » -apalttr vita 
*rca-2 tot KE. bG2 e 7 PTA 
(eis be 25 af est ® oserreget th? : 
oh ab ait o¢ "07? 7 
~ a¢ == Ow Om 224“ » &®s@e@< o 4)a4,=-¢ —— 8 « ° <== ey | 
eo Ofrh .. OF jairoT 
* ge .Z 22 62% FO Ss : eyes? tt? “pevat 
10.8 co.ti? CELE ‘ artic 9ai? ; 
, 2.4 an 3 » wrrerecalitt ; 
en as gt eee of aa 74 ; 
- és - —_ > - ae Sew eee 24 6 2 , 
Ge Petr ; Saget 
es * 7 e.ant ' emer ti? <ol2) ons® 
ic ¢© 1 * efte 
4 iPrageriet 


o2@e@s 


Table 77. 


Ap horizons. 


Tension Source OF SS MS 

Se eeet Mo 

-1/3 Bar Tillage { 15.88 15.88 2.56 
Site 4 NIE oS} 48.08 Tha sh 3057 
Tillage*Site 4 Sie a9 25S © 3-53 = 
Error 30 185.793 6.20 
Total 39 481.73 

= Bar Tillage 1 37.06 37.06 Ses 
Site 4 NGOm dat 40.18 SEA 5) +> 
Tillage*Site 4 78.54 19263 ATG) ee 
Error 30 VT Sh) Al 2S 
Total 39 403.88 

ao Bate Tillage { 84.97 84.97 eh Vib e255 
Site 4 136.01 34.00 Uf Gi A 
Tillage*Site 4 94.45 23761 5 4 
Enror 30 ieh?/ 5 15)S) 4.59 
Total 39 453.02 

a ihisy (Seip Tillage { (41, SO) 61.50 16685 >4* 
Site 4 110.59 AY ASN Uo Be) oe: 
Tillage*Site 4 58.38 14.59 4..0Q' * 
Entrar 30 109.38 S265 
Total 39 SICK ENS) 

Available Tillage 1 14.88 14.88 SOs 

Water Site 4 7h el? Zak he 2.34 
Tillage*Site 4 Sie ihe) Win 23} 0.69 
ERROR 30 SNS) . lave 1.85 
Total 39 929 
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water retention 
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Table 78 


the Ap horizons. 


Property 


Modulus 
of 
Rupture 


Weight 


Aggregate 
Stability 


Paste iey 
Index 


AG TAN ney, 


Source 


Site 


Zininete 


Site 


Eines 


ANOVA Tabdles of selected physical properties 


Ss MS 
14579355, 14579355 Py 4} 
8394303 2098576 4.05 
8124052 2031013 Seo. 
[IS 559 RG Sn Sess 
46656876 
ORCO7 S57 OUOOT 57, 4.23 
ORO1S 27 O2OOS'82 PX N33) 
0.00357 0.00089 @) 516) 
OLO5364) OROOn 7S 
0.08005 
HES neS 189.66 The, sxe! 
548.33 1397 2O8 5.45 
Z2O2 rao S0a55 20x 
WES 3 US 25). 1S 
1694.91 
225,50) PUPIE EKG) 3.01 
G54 7.39 i} abSPe Iss) WS). we, 
Qe TS) Zemo4 3229 
224750) eS 
UD AO 
409.60 403.62 98.23 
WSISy. (Ek@) 34.15 Seo 
Shey e762 23.94 8215 
125.00 Za ath 
807.10 
547.60 547.60 TAE OO 
132200 38.00 Sia 
esha} 5 SK) 20.48 PLE AUT 
LAPD LOC) 7.40 
1OO3 550 
© (Sa 7/922 OSs 925 435 28 
0.27680 0.06920 4.55 
0.18749 0.04687 3.08 
OFA a5 93 O20 1520 
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Table 79. 
Crop & 
Site Year 


Source 


ANOVA tables of emergence counts. 


Tillage 

Plot 
Tillage*Plot 
ERnotr 


Error 


Ennor 


Error 


Enror 


1 Oats 
(1980) 
2 Wheat 
(1980) 
3 Oats/ 
Bar ley 
(1980) 
4 Wheat 
(1980) 
| Oats 
(1981) 
2 Wheat 
(1981) 


Erte Ole 


3 Bar ley 
(1981) 


Error 


Error 
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ANOVA tables of stem counts. 
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Table 80. 
Crop & 
Site Year 
1 Oats 
(1980) 
2 Wheat 
(1980) 
3 Oats/ 
Barle 
(1980) 
4 Wheat 
(1980) 
5 Oats 
(1980) 
1 Bar ley 
(1981) 
A) Oats 
(1981) 


ERmor 


Banor 


MS 
885.06 1265 
3562.06 6.63 
5446.73 10.14 
536.94 
14762 .25 4.88 
MOVs 2s5 3.66 
S252, 92 On 
3026.75 
S767 56 2.80 
SOS Onn au 
2780.40 7.98 
348.31 
UAOTUISS As) PRS SS} 
A Sie ass OFS9 
13202292 WS) 
4548.50 
(7556525 Osco 
2438.83 1.47 
1548.75 Ons 
16517 5OO 
HiA20 25 Ws 58 
23 342s 4.33 
1748.25 2299 
ns5. 25 
CAT MOnw2 5) a1 SOmea 3 
UST wtsxs) GSK, ONS) 
807@.25 jas) 
WOW 7s 
8602.56 23.68 
2184.06 6.01 
Soke), SiS} 1eeS 
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Table 8] . ANOVA tables of tillering. 


Crop & 


Site Year 


Source 


Tillage 

Plot 
Tillage*Plot 
Erion 


Error 


Tillage 

Plot 
Tillage*Plot 
Enno 


Error 


1 Oats 
(1980) 
2 Wheat 
(1980) 
3 Oats/ 
Bar ley 
(1980) 
4 Wheat 
(1980) 
| Bar ley 
(1981) 
2 Oats 
(1981) 
3 Bar ley 
(1981) 


Error 


Brigor 


Tillage 

Plot 
Tillage*Plot 
Ernon 


ss MS 
1296 0.1296 
Wes) 32 Ofs8s7 
3526 Oh, WAS 
3106 0.0388 
9442 

6320 OFG320 
062 1.0209 
4239 0.1413 
3208 OF29071 
4396 

1089 0.1089 
3210 OF 1070 
30398 CAOss 
1385 OxOt73 
8782 

837 OnssT2 
2041 0.0680 
9252 Onsifan 
7318 OZ OSs 
6984 

7700 OOO 
1836 OFS94'5 
0982 0.3661 
4124 OROSi/S 
4641 

7030 te Os@ 
1391 OG 1K: 
5479 OF Silc© 
5740 0.1968 
9640 

0380 0.0380 
257751 OFOS5i7 
Wis OFOS73 
1354 0.0169 
5424 
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Crop & 
Site Year 


Source 


ANOVA tables of total 


dry matter yields. 
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Table 83. ANOVA tables of grain yields. 


Crop & 
Site Year 


1 Oats 
(1980) 
2 Wheat 
(1980) 
3 Oats/ 
Bar ley 
(1980) 
4 Wheat 
(1980) 
5 Oats 
(1980) 


Source DF ss MS F 
Tillage 1 2937.56 2997.56 {42 
Plot 3 $0001.19 16667.06 Tn See 
Tillage*Plot 3 9968.19 Seo ews 1.60 
Error 8 16832.50 2104.06 

Total NS 79799.44 

Tillage 1 11502256 {1502056 16.49 ** 
Plot 3 2121.69 TOP ORS LaOn 
Tillage*Plot 3 5818.19 1939.40 2S 
Error 8 5580),50 697.56 

Total 15 25022 .94 

Tillage { 3630.06 3630.06 2S 
Plot 3 80595.69 26865 23 Wis teH8), SA 
Tillage*Plot 3 475660.69 15886.90 S) IS) Gre 
Error 8 i SHS! SO) 1691.44 

Total ails) 145417.94 

Tillage { 64770.25 64770.25 379.59 ** 
Plot 3 6787.50 226225 Ow {Slots 
Tillage*Plot 3 10664 .25 S554275. 20 n8e +> 
Emnotr 8 1365.00 170.63 

Total 15) 83587 .00 

Tillage { 30189.06 30189.06 Sef od aa 
Plot 3 PLBYAIO) Aik) UWI KO) 0.89 
Tillage*Piot 3 48166.69 16055.56 Wes al7f soe 
Error 8 6955.50 869.44 

Total 15 87643.44 

Tillage 1 Ont SOn 5S 1OUSOR Se. 24 sia += 
Plot 3 7943.69 2647.90 6206. * 
Tillage*Plot 3 10522.69 3507.56 8343) == 
Error 8 SISIS(@) = Ske) 416.31 

Total tS 31947 .44 

Tillage { 6280.56 6280.56 5.49 
Plot 3 17260.69 Sy Sieh, SKE 5 ROS 
Tillage*Plot 3 9673.69 3224756 2). (3322 
Eniror 8 9158.50 1144.81 

Total 15 42373.44 

Tillage { 46764.06 46764.06 192.60 ** 
Plot 3 782 1{ 13 2607 .06 10.74 ** 
Tillage*Plot 3 3063.69 3LOVAD ih) PAS} 4.21 
Eairor 8 1942.50 242.81 

Total lS 59591.44 

Tillage { 33948.06 33948.06 276.43 ** 
Plot 3 1505.19 Odes 4.09 
Tillage*Plot 3 PIERS) 4j'S) TASOY, HS 6.9 * 
Ermironr 8 982.50 1222384 
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Table 84. ANOVA tables of grain yield per head/panicle. 


Source 


Error 


ERSiiom 


Error 


Error 


Enrer 


x * 


Tillage 

Plot 
Tillage*Plot 
Error 


Crop & 
Site Year 
{ Oats 
(1980) 
2 Wheat 
(1980) 
3 Oats/ 
Bar ley 
(1980) 
4 Wheat 
(1980) 
5 Oats 
(1980) 
{ Bar ley 
(1981) 
2 Oats 
(1981) 


Error 


Ereteionte 


ss MS 

0.12076 0.12076 Se 
On SEO ©, 05302 
0.16057 OnOssa2 

Oust VSS 0.02249 
0.62034 

0.00360 0.00360 ie) 
OFO7 225 0.02408 8. 
0.00815 OZOO272 OF 
0.04750 0.00594 

CO) am) SISV EXO) 

0.46240 0.46240 S) 
OSSO103 0.10034 
O228:975 02096538 
0.61780 OF OT 23 
1.67098 

0.01626 0.01626 1 
0.01747 0.00582 O 
0.07762 0.02587 2 
07039375 0.01247 

©. Z2ankos) 

ils VSISKOS) Ve MSIS\Oee SAS Ie 
0.02143 0.00714 O. 
0.84643 On2Z S204 2. 
OF OVE 50 0.00969 
2.14438 

0.00526 0.00526 O. 
0.03082 0.01027 { 
0.10887 0.03629 4 
@Q7 07225 0.003903 
ORNS 

0.13876 O- 13876 18- 
0.16342 0.05447 
OFOS ni 0.01724 
0.06105 0.00763 
0.41494 

OF 55503 O255503) 304 
0.02453 0.00818 

OF On Sha 0.00638 
0.01470 0.00184 
OZ2613398 
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Table 85. ANOVA tables of straw yields. 


Source 


Error 


Erion 


Erirnor 


Tillage 

Plot 
Tillage*Plot 
Ermer 


Tillage 

Plot 
Tillage*Plot 
Earor 


ERnor 


Erior 


Tillage 

Baliot 
Tillage*Plot 
SieleOlr 


Crop & 
Site Year 
1 Oats 
(1980) 
2! Wheat 
(1980) 

3 Oats/ 

Bar ley 
(1980) 
4 Wheat 
(1980) 
5 Oats 
(1980) 

{ Bar ley 
(1981) 
2 Oats 
(1981) 

3 Bar ley 
(1981) 
4 Wheat 
(1981) 


Eenor 


3 MS 
1.00 1 OO SO On 

1846900) 26156233 2 AV 
43872.00 14624.00 1s 
99208.00 12401 .00 

APIA |S'S18) (O10) 

252506 2525206 1.64 
9678.69 3226723 Ps = WO) 
19897519 6630.40 4.32 
12281.50 WISI) KS) 

44376.44 

6806.25 6806.25 2.44 

USeksisy Pls) Gyiyeyeish le) alisha} 
334039525) Ai1s6- 42 segg 
22337 700 SPL 8 

PXYOOSIT/ 6 1S) 

197 136500 197 136700 “90.84 
38242.00 12747.00 3) 1S) 
BNS)S10) QO) SOE. 7s 6595 
V7362700 2NLOR2S 

2ITSTOROO 

S37 225 Be i2e5 0.58 
ST40575 PES IAS} tens 0.20 

PITS) 13) SOaaeo Ss 0.64 

IS TONOO TAGS seis 

160055.75 

IONS HOW SS 6.47 
S21 6E.19 SOT2 ROS li Gi 
S12. WS) 1064.06 4.04 
21057750 263). 19 
16215.44 
VA FOV mo OM 4 Ole 5 Gund 40a dG 

PRESETS VW ASS} SISISKO) SiS) ©), BE 

VOSA) FS) 3643.23 Seo 
83062 50 1O38e 34 

62709 .44 

INSZ6OR2 5 MiSs 26OR2 521434 
8320.25 ATES) V2 5.16 
3085.25 1028.42 lnaSi 
4302.00 SS 1S) 

1 OS67 a5 

39900'°06 39900.06 601.72 
SST MSS) BS) BS tds) 
WIS... 1S: SE) OS Sos 
5gOn5©. SOmai 

43764 .44 
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Table 86. ANOVA tables of grain to straw ratios. 
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APPENDIX. E 


Weekly and Cumulative Precipitation 


During 1980 and 1981 at Selected Locations 
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